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a b s t r a c t

The present study focused on preparation of thermally activated carbon from Chrysanthemum indi-
cum flower and investigated its effectiveness on removal of direct congo red (DCR) dye from aque-
ous solution by batch mode. The Chrysanthemum indicum flower carbon (CIFC) was prepared and 
characterized by X-ray diffraction (XRD), Fourier transform infrared spectroscopy (FTIR) and scan-
ning electron microscopy (SEM). The batch adsorption study showed that the amount of adsorption 
depends on various physicochemical parameters, such as solution pH, adsorbent dose, contact time, 
dye concentration and temperature. Further, pseudo-second-order model was fitted to examine the 
adsorption kinetics and mechanism of adsorption. Equilibrium data was fitted with Langmuir and 
Freundlich adsorption isotherm models and thermodynamic parameters were calculated such as 
ΔG°, ΔH°, and ΔS°. The maximum adsorption capacity of 43.47 mg g−1 was obtained for direct congo 
red. Through this study it was found out that the CIFC is a good and a cheap precursor to produce 
an effective adsorbent and alternative to commercial-activated carbon.

Keywords: Chrysanthemum indicum flower; Direct Congo red; Adsorption Kinetics; Isotherm

1. Introduction

Water is essential for all living organisms. But, the 
recent industrial revolution is defiling the water bodies 
through the effluents. Major sources of water pollution are 
dyes, heavy metals, phenols, etc. Everyday two million tons 
of wastewater is directly discharged into the water bodies 
[1–3]. Particularly, textile industries are using high volume 
of water for numerous processes like bleaching, dyeing, 
printing and finishing process [4]. Its annual production is 
7×105 tonnes of dyes from which 10% are discharged into 
the natural water bodies, it causes carcinogenic effects, eye 

injuries, skin irritation, dermatitis for living organism [5–7], 
and affect the aquatic organisms (flora and fauna) [8,9]. 

Dyes are used widely and it causes serious environ-
mental problems. Specifically, the direct dyes are highly 
utilized in numerous industries like textile, rayon, paper 
and leather. These dyes have more colours and they react 
with the cellulosic fibre to form covalent bonds; eas-
ily available in the market and they are problematic to 
degrade because they undergo hydrolysis of the sulfone 
group making it unreactive to the cellulose [10]. Partic-
ularly, the DCR is known as human carcinogen and its 
exposure causes skin allergy; this dye also considered as 
toxic substance [11]. The removal of DCR from wastewa-
ter/aqueous solution was considered an environmental 
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challenge and it has to be removed from the productive 
environment. However, in the past many conventional 
techniques were applied for dye, heavy metal, and phe-
nolic compounds removal. There are membrane filtration, 
ultra-filtration, coagulation, flocculation, oxidation or ozo-
nation, electrolysis processes, reverse osmosis, biosorption 
and adsorption [12–18]. Among all the adsorption meth-
ods one of the best is physicochemical method which is 
an efficient, reliable and economic viable technique for 
the removal of hazardous substances [19–21]. Numerous 
studies were conducted to prepare activated carbon such 
as coir pith [22], H2SO4 coir pith [23], pomegranate peel 
[24], micro algae [25], paper sludge [10], pine leaves, pine 
cone, raw mango seed, and apricot seed, etc., [26] which 
were utilized for the removal of environmental pollutants 
(heavy metals, dyes and phenol compounds) [9].

Mostly the activated carbons were prepared form chem-
ical activation. But a limited investigation is available for 
thermal activated adsorbent. The chemically modified 
adsorbents are economically expensive when compared to 
the thermal activated carbon. This thermal activated carbon 
is widely suitable for industrial process. 

The present study focussed on thermal activation of 
waste Chrysanthemum indicum flower biomass to utilize as 
an adsorbent for the removal of DCR from the aqueous sys-
tem. This Chrysanthemum is perennial plant, growing up to 
0.6 meters. It blossoms from August to October. The whole 
plant has many medicinal uses however the flower is mostly 
used for garland making in India. Chrysanthemum indicum 
flowers are highly used and wasted in Indian temples. Thus 
we tend to use these flowers for this investigation for the 
preparation of activated carbon and it was applied for tex-
tile waste water treatment in addition it has high efficient 
surface area for adsorption process [27].

2. Materials and methods

2.1. Preparation of CIFC absorbent

The Chrysanthemum indicum flowers were collected 
from local temples in and around Salem district (Latitude 
– 11.7345° N, Longitude – 78.2020° E), Tamil Nadu, India. 
Chrysanthemum indicum flowers were rinsed in the deion-
ized water for the removal of impurities and then dried at 
100°C in hot air oven for six hours. The flower carbon was 
prepared as follows: the dried flowers were sealed in an 
airtight container and transferred to muffle furnace (Muf-
fle furnace SERVO, India) for thermal activation at 600°C 
for one hour. Finally, activated material was collected and 
cooled at room temperature to sieve for further use.

2.2. Preparation of dye stock 

The stock solution was prepared for 1000 mg L–1 of DCR 
by dissolving 1 g of dye in 1 L of deionized water and it 
is stored in amber bottle intended for avoiding photo deg-
radation. The different concentrations of working solutions 
were prepared from the stock solution. The working solu-
tions absorbance measurement was carried by using UV-Vis 
spectrophotometer (Shimadzu, UV-1800, Japan). The max-
ima absorbance of dye clearly obtained at 499 nm with dif-
ferent concentrations.

2.3. Characterization of CIFC

The prepared CIFC was characterized for its basic prop-
erties such as pH, mechanical moisture content, bulk den-
sity, ash content, specific gravity, porosity and zero-point 
charge (pHzpc). The dye loaded and unloaded CIFC mor-
phology was subjected by scanning electron microscopy 
(SEM, JSM-6400 JEOL (Japan Electron Optics Ltd., Japan)).
Crystal structure analysis of CIFC was determined through 
X-ray diffraction (Rigaku X-ray diffractometer, Japan) in the 
2θ-range from 20 to 80° with a step size of 0.02° and Fou-
rier transform infrared (FTIR) spectra (Perkin-Elmer FTIR 
spectrophotometer, Norwalk, USA) was used to analyze the 
functional group of CIFC in the scanning range of 4000–400 
cm–1 with the diffuse reflectance mode of resolution at 4 
cm–1 in KBr pellets.

2.4. Removal efficiency of the obtained carbon and removal 
optimization

To evaluate adsorption properties of CIFC for DCR, 
a series of adsorption experiment, including adsorption 
kinetics, isotherm and thermodynamics were conducted. 
The batch mode adsorption isotherms were obtained with 
different weights (50–250 mg), initial concentrations (20, 40, 
60, 80, 100 mg L–1), at solution pH (2–10) and at different 
temperatures (308 K, 318 K and 333 K). The stock solution of 
DCR (1000 mg L−1) was prepared by mixing DCR in deion-
ized water. The desired concentration of DCR was prepared 
by diluting their respective stock solution of DCR. Each 
experiment was carried out in 100 ml conical flask filled 
with specific concentrations of dye solution with adsorbent 
and agitated at 160 rpm using a shaking incubator at prede-
termined time intervals. The samples were removed from 
shaker at predetermined time intervals and supernatant 
solution was separated from the adsorbent by centrifuga-
tion at 2,500 rpm for 15 min. The absorbance of supernatant 
solution was measured at 499 nm using UV–visible spectro-
photometer. The percent removal of adsorption was calcu-
lated by Kumar et al. [23] equations.

The batch mode desorption study was carried out in 
used adsorbent for de-adsorption of the adsorbate were 
separated from the solution by using filter paper. The spent 
adsorbent was agitated for equilibrium time with 25 ml of 
various strengths of 1 N NaOH, 1 N HCl and deionized 
water. The desorption is calculated by using Kumar et al. 
[23] equations.

3. Result and discussion

3.1. Adsorbent characterization

The physico-chemical properties of CIFC are pre-
sented in Table 1. The pH of the CIFC is basic in nature [28, 
29]. This may due to the presences of residual salts and it 
was highly suitable for industrial wastewater treatment. 
Porosity is the main factor for increasing the adsorptive 
power and it has interrelated to the bulk density and 
specific gravity of CIFC. The bulk density indicates that 
the fibre content present in the activated material [30,31], 
the minimum level moisture content was no effect on 
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activated carbon; assume it contained prominent level 
it gives additional weight during the treatment process. 
Inorganic constituents were associated with carbon for 
reason of ash content. This data indicates ash content of 
activated carbon is 30% of inorganic content and fixed 
carbon of 70% [32].

Additionally, pHzpc is the important parameter for acti-
vated carbon. The CIFC zero charge was found at pH 8.5 
as shown in Fig. 1a. Basically the surfaces of carbon were 
acidic at less than pH 8.5 and alkaline at greater than 

pH 8.5. Further, it was evident that adsorbent has better 
adsorption capacity in the acetic pH range. The treatment 
of aqueous solution, its higher uptakes obtained at pH < 
8.5 can be attributed to the electrostatic interaction between 
the positively charged carbon. Simultaneously, negative 
charge (pH > 8.5) contains lower uptakes [33]. The prepared 
CIFC before and after adsorption of dye were characterized 
for phase analysis in the 2θ range from 20° to 80° by XRD. 
The XRD pattern of CIFC and DCR adsorbed CIFC are 
shown in Fig. 1b. As per the review of literature the occur-
rence of two broad peaks conforming activated carbon are 
crystal structures [34].

The FTIR spectrum of CIFC was an absorption band 
clearly, shown Fig. 1c, N–H stretching group at 3415 cm−1 

(broad spectrum). The band at 2931 cm−1 is related to asym-
metric and symmetric stretching of CH2 group. Scissor 
bending of the NH2 group can be observed at 1630 and 
1405 cm−1. The band at 1005 cm−1 can be assigned to the C-N 
stretch of amide or amine group. The bands in the region 
750–800 cm−1 can be attributed to aromatic C-H stretching 
vibrations. The Bands of 702 cm–1 are indicated C-C stretch-
ing group. The same as Fig. 1c is shown FTIR spectrum of 
DCR adsorbed CIFC, the intense absorption band at 3376 
cm–1 related to O-H bond stretching mixed with the NH2 
group (broad spectrum). Another scissor band of the NH2 

Table 1
Physico-chemical properties of CIFC

Parameter Activated carbon

pH 9.65
pHzpc 8.5
Bulk density (g/cm3) 0.14
Porosity (%) 0.76
Specific gravity 0.08
Moisture content (%) 8.75
Ash (%) 30

Fig. 1(a) Determination of zero-point charge, (b) XRD pattern and (c) FT-IR spectrum of CIFC and DCR adsorbed CIFC.
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group observed at 1558 cm–1 (sharp band). The band at 1034 
cm−1 can be assigned to the C-N stretch by amide or amine 
groups. The bands at 872 and 564 cm−1 can be attributed to 
aromatic C-H stretches and C-C stretching groups. 

The prepared CIFC was visually observable powder. 
Microstructure structure and the morphologies of CIFC 
were further examined by SEM. Greater number of pores, 
grater the adsorption of dye onto the CIFC because adsorp-
tion also depends on the number of pores of the adsorbent. 
Fig. 2 shows unloaded and loaded adsorbent morpholog-
ical changes onto the adsorbent surface. On the surface of 
DCR loaded CIFC formation pores are filled with DCR. 
Safa and Bhatti [35] stated difference between the untreated 
and dye treated carbon surface morphology. Akar et al. [36]
reported olive pomace biomass surface morphology RR 198 
dye presence. These flower carbon surfaces were also simi-
lar to the confirmed earlier reports [37,38]. 

3.2. Effect of pH study

The pH is one of the most important parameters of 
adsorption study. In this investigation, adsorption of DCR 

ions on CIFC was evaluated with a pH range of 2–10 by 
fixing the concentration of adsorbent dosage 100 mg for 
different initial concentrations of adsorbate as 20–100 mg 
L–1. The result shows (Fig. 3a) adsorption capacities of DCR 
increases significantly with the increase of pH from 2 to 
4 and there is a small decrease with a range of 4–10. The 
adsorption maximum was observed at 97.5 and 90.5% of 
CIFC. Similar reports were previously stated for adsorption 
of Congo red (CR) at a lower pH range on phoenix dactylif-
era seeds [39] and coir pith [40]. The mechanism of adsorp-
tion is decreased by increasing the initial concentration of 
dye from 20 to 100 mg L–1. Since the optimum pH for DCR 
adsorption by CIFC was found higher at pH 2.

3.3. Effect of the sorbent dosage

The sorbent dosage was another important parameter; it 
controls the capacity of adsorbent. The effects of CIFC dose 
on the adsorption of DCR from aqueous solutions were 
investigated using various adsorbent doses (50–250 mg) 
at different concentrations DCR (20 and 100 mg L−1). The 
investigation results are presented in Fig. 3b. The removal 

Fig. 2. SEM image of CIFC unloated DCR (a, b), CIFC loaded DCR (c, d).
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efficiency of DCR by CIFC increased sharply as the sorbent 
dose increased from 50 to 100 mg, then reached an almost 
constant value. It was evident that DCR removal increased 
proportionally with dose which is due to the availability of 
greater surface area of the adsorbent [39]. Therefore, 100 mg 
was optimized and it economically viable dose for environ-
mental pollutant removal [41].

3.4. Effect of contact time and temperature 

The effect of contact time on the adsorption was inves-
tigated with different concentration of DCR (20–100 mg 
L–1) at an optimized adsorbent dose from 0 to 180 min by 
increasing temperature. Figs. 4a–c show the effect of con-
tact time on the removal of DCR at different temperatures 
310, 318 and 333 K, respectively. There was a slight variation 
in the different temperature removal; the adsorption level 
increased with an increasing temperature. This process 
indicates an endothermic reaction of CIFC.

3.5. Adsorption kinetics

The adsorption kinetics of DCR was adsorbed on CIFC 
and found that the removal rates of DCR were very rapid 
during the initial stages of adsorption process. It has been 
proposed to clarify the adsorption kinetic mechanism. To 
investigate the mechanism of DCR adsorption onto CIFC, 
pseudo first-order (PFO) and pseudo second-order kinetic 
(PSO) model has been examined [42,43].

The rate expression for PFO reaction can be described 
as follows [44]:

log log
.

q q q
k t

e e−( ) = − 1

2 303
 (1)

where qe and q are the amount of DCR adsorbed (mg g–1) at 
equilibrium and at time t (min–1), respectively, k1 is the rate 
constant of PFO model (min–1). The values of the qe and k1 
were obtained from the slope and intercept of the plots of 
log (qe – q) vs. t for different concentration of DCR at differ-
ent temperature. 

The rate expression for PSO reaction can be described 
as follows [45]:

t
q

t
q k qe e

= +
1

2
2  (2)

where K2 is the PSO rate constant (g mg–1 min–1). The values 
of K2 and qe were estimated from the plots of t/q vs. t for 
different concentration of DCR at different temperature.

Both PFO and PSO kinetic models were applied for the 
adsorption of DCR onto CIFC and the results are shown in 
Table 2. The results noticed CIFC adsorption follows the 
PSO kinetic model, so the mechanism of adsorption process 
can be described as chemisorption. The CIFC material was 
already reported, adsorption follows PSO [27]. Most of the 
good adsorbent materials followed PSO, for example coir 
pith [39], Borassus aethiopum flower carbon [43], and Cortade-
ria selloana flower spikes [46]. Comparatively, other material 
to this material kinetics correlation is highly fitted with PSO. 

Fig. 3. (a) Effect of pH, (b) adsorbent dosage and (c) Desorption of DCR.
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Fig. 4. Contact time and dyes initial concentration at different temperature (a) 310 K, (b) 318 K and (c) 333 K. 

Table 2
Adsorption kinetic parameters of DCR onto CIFC

Temperature  
(K)

Concentration  
(mg L–1)

qe (exp)(mg g–1) First order kinetic model Second order kinetic model

K1 (min–1) qe cal (mg g–1) R2 K2 (g mg–1 min–1) qe cal (mg g–1) R2

310 20 6.24 0.06 3.68 0.92 0.03 6.57 0.99
40 10.83 0.05 4.03 0.95 0.03 10.98 0.99
60 16.12 0.04 8.55 0.94 0.01 16.66 0.99
80 18.29 0.03 8.87 0.90 0.01 18.86 0.99
100 22.48 0.04 11.32 0.95 0.007 23.25 0.99

318 20 6.21 0.06 3.25 0.96 0.04 6.45 0.99
40 11.35 0.04 4.53 0.95 0.02 11.62 0.99
60 16.44 0.04 9.07 0.94 0.01 16.94 0.99
80 20.03 0.02 8.07 0.96 0.01 19.60 0.99
100 22.84 0.04 11.2 0.95 0.007 23.81 0.99

333 20 7.04 0.02 4.81 0.98 0.04 7.24 0.99
40 12.35 0.05 3.36 0.96 0.01 12.34 0.99
60 17.72 0.04 9.14 0.94 0.009 18.51 0.99
80 21.27 0.03 7.85 0.90 0.01 21.73 0.99
100 25.88 0.03 6.15 0.95 0.02 25.64 0.99
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3.6. Adsorption isotherms

The adsorption equilibrium data were investigated by 
Langmuir and Freundlich isotherm model equations for 
DCR adsorbed by CIFC with different temperatures [47]. 

In the present investigation equilibrium data for 
adsorption of DCR on to CIFC were analyzed by consid-
ering Langmuir and Freundlich isotherm models. The 
Langmuir isotherm equation in a linear form [7] repre-
sented as:

c
q q b

c
q

e

e o

e

o

= +
1

 (3)

The Langmuir plot (Ce/qe vs. Ce) for DCR adsorption at 
different temperatures gives a straight line and the value of 
Qo and b is Langmuir constants related to adsorption effi-
ciency and energy of adsorption are shown in Table 3 and 
Figs. 5a–c, respectively [48]. The R2 value of 0.94 indicated 
that the adsorption data of DCR on to the CIFC at different 
temperatures calculated were best fitted to the Langmuir 
isotherm model. Furthermore, Langmuir isotherm can also 
be expressed in terms of a dimensionless separation factor 
(RL), defined as:

R
bcL

o

=
+
1

1
 (4)

where b and C0 are the Langmuir constant and initial con-
centration of dye, respectively. The value of RL indicates 
the type of the isotherm to be either unfavourable (RL> 
1), linear (RL = 1), favourable (0 <RL< 1) or irreversible (RL 
= 0). Value of RL was found in DCR presented in Table 2. 
From the experimental data represent RL value (0–1) clearly 
showed favorable of adsorption process.

Pure empirical form of Freundlich isotherm was 
explaining the adsorption of dye molecules onto a het-
erogeneous system. The Freundlich isotherm was repre-
sented as [49]:

log log
log

q k
C

ne f
e= +  (5)

From the intercept and slope of a linear plot of log qe vs. 
log Ce (Figs. 5a–c), the values of Kf and 1/n can be determined 
(Table 3), respectively. The Freundlich constant should have 
a value in the range of 1–10 which again proved that the 
adsorption was favorable [50].

3.7. Adsorption thermodynamics 

Thermodynamic studies were carried out to infer the 
mechanism of adsorption on CIFC with different tem-
peratures (310, 318 and 333 K) at their respective optimum 
adsorbent dose at different dye concentrations (20–100 
mg L–1). 

Thermodynamic parameters such as standard free 
energy (ΔG˚), standard enthalpy (ΔH˚) and standard 
entropy (ΔS˚) of adsorption were calculated using the fol-
lowing equations:

ΔG RT K° = − ln c
 (6)

where R is the universal gas constant (8.314 J mol–1 K), and 
Kc is the equilibrium constant (L mol–1) and T is the tem-
perature (˚K).

The values of above mentioned thermodynamics 
parameters determined by Van’t Hoff equation [48]:

Table 3
Langmuir and Freundlich constant for the adsorption of DCR on CIFC

Temperature (K) Concentration  
(mg L–1)

Langmuir isotherm Freundlich isotherm

Qo (mg g–1) b (L mg–1) RL R2 Kf (mg1–1/n/L1/n /g) n R2

310 20 38.46 0.02 0.67 0.94 1.7 1.55 0.98

40 0.51

60 0.41

80 0.34

100 0.29

318 20 41.66 0.02 0.68 0.99 1.6 1.47 0.98

40 0.52

60 0.42

80 0.35

100 0.30

333 20 43.47 0.02 0.63 0.96 2.3 1.61 0.99

40 0.46

60 0.36

80 0.30

100 0.25
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°Δ Δ  (7)

where the values of ΔH˚ and ΔS˚ were obtained from the 
slope and intercept of the plot of ln Kc vs 1/T (Fig. 5(d). 
From Table 4, the negative values of ΔG˚ and positive value 
of ΔH˚and ΔS° for the adsorption of DCR on both CIFC indi-
cate the spontaneous, endothermic nature of the process 
and it suggest increasing the randomness of adsorbent–
adsorbate interface [51,52].

Table 5 shows the comparison of maximum dye adsorp-
tion capacity with different adsorbents. It can be noted from 
the table that adsorption capacity of CIFC is significant and 
comparably it is higher than earlier reports for removal of 
Congo red from aqueous solution.

3.8. Batch mode desorption study

A batch mode desorption experiment was carried out 
at ambient temperature, adding 1 N NaOH, 1 N HCl and 
DW in spending adsorbent for recovering the adsorbent. 
Desorption efficiency is shown in Fig. 3c, highest percent 
desorption of 48% was obtained in 1 N NaOH at 60 min. 
Dye loaded adsorbent were utilized as a replacement of 

cement proportions for the preparation of cement blocks, 
thereby avoiding the problem of sludge disposal [61,62].

4. Conclusion

In summary, CIFC was employed as a low-cost adsorp-
tion material to remove the DCR from aqueous solution at 
different temperature. The experimental parameters con-
cluded that the optimum removal of DCR via adsorption 
over CIFC at enter the range pH from 2 to 4, adsorbent dos-
age of 2 g L–1 and contact time 60 min at any temperature 
(310 K, 318 K and 333 K). The present removal was decreased 
with increasing in dye concentration. The kinetics, isotherm 
and thermodynamic study reveal that the experimental 
adsorption data fitted well with PSO and Langmuir and 
Freundlich isotherm models and increasing temperature 
favor for adsorption process were found spontaneous and 
endothermic in nature. Desorption studies show that the 
ion-exchange mechanism seems to be the major mode of 
adsorption for DCR onto CIFC. The CIFC was more suitable 
for the recovery of adsorbate and there was a possibility of 
reuse of the adsorbent. This result shows that CIFC is effec-
tive and efficient eco-friendly adsorbent for the removal of 
environmental contaminates.

Fig. 5. Adsorption of DCR at different temperature isotherm comparison ((a) 310 K, (b) 318 K and (c) 333 K) and (d) Van’t Hoff plot 
for DCR adsorption on CIFC. 



K. Durairaj et al. / Desalination and Water Treatment 113 (2018) 270–280278

Acknowledgement

The authors are gratefully acknowledges the financial 
support received from the University Research Fellowship 
in the year 2014-2016 from Periyar University, Salem.

References

[1]	 A.K. Mishra, T. Arockiadoss, S. Ramaprabhu, Study of removal 
of azo dye by functionalized multi walled carbon nano-
tubes, Chem. Eng. J., 162 (2010) 1026–1034.

[2]	 D.S. Brookstein, Factors associated with textile pattern der-
matitis caused by contact allergy to dyes, finishes, foams, and 
preservatives, Dermatol. Clin., 27 (2009) 309–322.

[3]	 P.A. Carneiro, G.A. Umbuzeiro, D.P. Oliveira, M.V.B. Zanoni, 
Assessment of water contamination caused by a mutagenic 
textile effluent/dyehouse effluent bearing disperse dyes,  
J. Hazard. Mater., 174 (2010) 694–699.

[4]	 F.M. Machado, C.P. Bergmann, T.H. Fernandes, E.C. Lima, 
B. Royer, T. Calvete, S.B. Fagan, Adsorption of Reactive Red 
M-2BE dye from water solutions by multi-walled carbon 
nanotubes and activated carbon, J. Hazard. Mater., 192 (2011) 
1122–1131.

[5]	 B. Royer, N.F. Cardoso, E.C. Lima, J.C. Vaghetti, N.M. Simon,  
T. Calvete, R.C. Veses, Applications of Brazilian pine-fruit shell 
in natural and carbonized forms as adsorbents to removal of 
methylene blue from aqueous solutions—Kinetic and equilib-
rium study, J. Hazard. Mater., 164 (2009) 1213–1222.

[6]	 R.B. Chavan, India textile industry – environmental issue, 
IJFTR., 26 (2001) 11–21.

[7]	 C. Namasivayam, D.J.S.E. Arasi, Removal of congo red from 
wastewater by adsorption onto waste red mud, Chemosphere, 
34 (1997) 401–417.

[8]	 A. Mittal, Retrospection of Bhopal gas tragedy, Toxicol. Envi-
ron. Chem., 98 (2016) 1079–1083.

[9]	 M. Asgher, H.N. Bhatti, Evaluation of thermodynamics and 
effect of chemical treatments on sorption potential of Citrus 
waste biomass for removal of anionic dyes from aqueous solu-
tions, Ecol. Eng., 38 (2012) 79–85.

[10]	 M. Auta, B.H. Hameed, Optimized and functionalized paper 
sludge activated with potassium fluoride for single and 
binary adsorption of reactive dyes, J. Ind. Eng. Chem., 20 
(2014) 830–840.

[11]	 R. Han, D. Ding, Y. Xu, W. Zou, Y. Wang, Y. Li, L. Zou, Use of 
rice husk for the adsorption of congo red from aqueous solu-
tion in column mode, Bioresour. Technol., 99 (2008) 2938–2946.

[12]	 A. Mittal, M. Naushad, G. Sharma, Z.A. ALothman, S.M. 
Wabaidur, M. Alam, Fabrication of MWCNTs/ThO2 nanocom-
posite and its adsorption behavior for the removal of Pb (II) 
metal from aqueous medium, Desal. Water Treat., 57 (2016) 
21863–21869.

[13]	 A. Mital, L. Kurup, Column operations for the removal and 
recovery of a hazardous dye Acid Red-27’ from aqueous solu-
tions, using waste materials-bottom ash and de-oiled soya, 
Ecol. Env. Cons., 12 (2006) 181.

[14]	 A. Mittal, M. Teotia, R.K. Soni, J. Mittal, Applications of egg 
shell and egg shell membrane as adsorbents: a review, J. Mol 
Liq., 223 (2016) 376–387.

[15]	 T.R. Mota, C.G. Kato, R.A. Peralta, A. Bracht, G.R. de Morais, M.L. 
Baesso, C.G.M. de Souza, R.M. Peralta, Decolourization of Congo 
Red by Ganoderma lucidumLaccase: evaluation of degradation 
products and toxicity, Water Air Soil Pollut., 226 (2015) 351.

Table 4
Thermodynamic parameters for DCR adsorption on CIFC

Concentration (mg L–1) Temperature –ΔG˚ (kJ mol–1) ΔS˚ (kJ mol–1K–1) ΔH˚ (KJ mol–1) R2

20 310 –0.82 64.54 17.25 0.99
318 –1.52
333 –2.61

40 310 –0.41 64.31 32.35 0.99
318 –0.74
333 –1.35

60 310 –0.41 64.90 48.44 0.94
318 –0.53
333 –1.00

80 310 –0.05 61.27 36.37 0.91
318 –0.15
333 –0.78

100 310 –0.20 63.56 37.33 0.97
318 –0.63
333 –1.00

Table 5
Comparison of maximum adsorption capacities of various 
adsorbents for dye removal from aqueous solution

Adsorbent Qo (mg g–1) Reference

Red mud 4.05 [7]
Coir pith 6.72 [39]
Bagasse fly ash 11.88 [53]
Cashew nut shel 5.18 [54]
Cattail root 38.79 [55]
Kaolin 5.44 [56]
Myrtus communis-based AC 19.2 [57]
Pomegranate-based AC 10 [57]
Orange peel 22.44 [58]
Pine cone 32.65 [59]
Tamarind fruit shell 10.48 [60]
CIFC 43.47 This study



K. Durairaj et al. / Desalination and Water Treatment 113 (2018) 270–280 279

[16]	 R. Ahmad, I. Hasan, A. Mittal, Adsorption of Cr (VI) and Cd 
(II) on chitosan grafted polyaniline-OMMT nanocomposite: 
isotherms, kinetics and thermodynamics studies, Desal. Water 
Treat., 58 (2017) 144–153.

[17]	 A. Al-Omari, A. Salman, E. Karablieh, The Red Dead Canal 
project: an adaptation option to climate change in Jordan, 
Desal. Water Treat., 52 (2014) 2833–2840.

[18]	 A. Mittal, R. Ahmad, I. Hasan, Iron oxide-impregnated dextrin 
nanocomposite: synthesis and its application for the biosorp-
tion of Cr (VI) ions from aqueous solution, Desal. Water Treat., 
57 (2016) 15133–15145.

[19]	 M. Arami, N.Y. Limaee, N.M. Mahmoodi, N.S. Tabrizi, Removal 
of dyes from colored textile wastewater by orange peel adsor-
bent: equilibrium and kinetic studies, J. Colloid Interface Sci., 
288 (2005) 371–376.

[20]	 A. Mittal, R. Ahmad, I. Hasan, Biosorption of Pb2+, Ni2+ and 
Cu2+ ions from aqueous solutions by L-cystein-modified mont-
morillonite-immobilized alginate nanocomposite, Desal. 
Water Treat., 57 (2016) 17790–17807.

[21]	 A. Mittal, R. Ahmad, I. Hasan, Poly (methyl methacry-
late)-grafted alginate/Fe3O4 nanocomposite: synthesis and its 
application for the removal of heavy metal ions, Desal. Water 
Treat., 57 (2016) 19820–19833.

[22]	 K. Santhy, P. Selvapathy, Removal of reactive dyes from waste-
water by adsorption on coir pith activated carbon, Bioresour. 
Technol., 97 (2006) 1329–1336.

[23]	 A.J. Kumar, C. Namasivayam, Uptake of endocrine disruptor 
bisphenol-A onto sulphuric acid activated carbon developed 
from biomass: Equilibrium and kinetic studies, Sustain. Envi-
ron. Res., 24(1) (2014) 73–80.

[24]	 N.K. Amin, Removal of direct blue-106 dye from aqueous 
solution using new activated carbons developed from pome-
granate peel: adsorption equilibrium and kinetics, J. Hazard. 
Mater., 165 (2009) 52–62.

[25]	 N.F. Cardoso, E.C. Lima, B. Royer, M.V. Bach, G.L. Dotto, L.A. 
Pinto, T. Calvete, Comparison of Spirulina platensis microal-
gae and commercial activated carbon as adsorbents for the 
removal of Reactive Red 120 dye from aqueous effluents, J. 
Hazard. Mater., 241 (2012) 146–153.

[26]	 M.T. Yagub, T.K. Sen, S. Afroze, H.M. Ang, Dye and its removal 
from aqueous solution by adsorption: a review, Adv. Colloid 
Interface Sci., 209 (2014) 172–184.

[27]	 S. Vilvanathan, S. Shanthakumar, Biosorption of Co (II) ions 
from aqueous solution using Chrysanthemum indicum: Kinetics, 
equilibrium and thermodynamics, Process Saf. Environ. Prot., 
96 (2015) 98–110.

[28]	 D. Mohan, C.U. Pittman, Arsenic removal from water/waste-
water using adsorbents—a critical review, J. Hazard. Mater., 
142 (2007) 1–53. 

[29] H.S. Altundogan, S. Altundogan, F. Tuemen, M. Bildik, Arse-
nic removal from aqueous solutions by adsorption on red 
mud, Waste Manag., 20 (2000) 761–767.

[30]	 S. Supriya, P.N. Palanisamy, P. Shanthi, Preparation and 
characterization of activated carbon from casuarina for the 
removal of dyes from textile wastewater, Adsorption, 6 (2014) 
3635–3641.

[31]	 O.A. Ekpete, M.H. Jnr, T. Tarawou, Sorption kinetic study on 
the removal of phenol using fluted pumpkin and commercial 
activated carbon, IJBCS., 5 (2011) 1143–1152.

[32] S. Du, H. Yang, K. Qian, X. Wang, H. Chen, Fusion and trans-
formation properties of the inorganic components in biomass 
ash, Fuel, 117 (2014) 1281–1287.

[33]	 K. Ramakrishnan, C. Namasivayam, Development and char-
acteristics of activated carbons from Jatropha husk, an agro 
industrial solid waste, by chemical activation methods, J. Envi-
ron. Eng. Manage., 9 (2009) 173–178.

[34]	 D. Prahas, Y. Kartika, N. Indraswati, S. Ismadji, Activated car-
bon from jackfruit peel waste by H3PO4 chemical activation: 
pore structure and surface chemistry characterization, Chem. 
Eng. J., 140 (2008) 32–42.

[35]	 Y. Safa, H.N. Bhatti, Adsorptive removal of direct textile dyes 
by low cost agricultural waste: Application of factorial design 
analysis, Chem. Eng. J., 167 (2011) 35–41.

[36]	 T. Akar, B. Anilan, A. Gorgulu, S.T. Akar, Assessment of 
cationic dye biosorption characteristics of untreated and 
non-conventional biomass: Pyracantha coccinea berries, J. Haz-
ard. Mater., 168 (2009) 1302–1309.

[37]	 I. Demiral, C. Aydın Şamdan, H. Demiral, Production and 
characterization of activated carbons from pumpkin seed 
shell by chemical activation with ZnCl2, Desal. Water Treat., 57 
(2016) 2446–2454.

[38]	 U.D. Hamza, N.S. Nasri, N.S. Amin, J. Mohammed, H.M. Zain, 
Characteristics of oil palm shell biochar and activated car-
bon prepared at different carbonization times, Desal. Water 
Treat.,  57 (2016) 7999–8006.

[39]	 D. Pathania, A. Sharma, Z.M. Siddiqi, Removal of congo red 
dye from aqueous system using Phoenix dactylifera seeds, J. 
Mol. Liq., 219 (2016) 359–367.

[40]	 C. Namasivayam, D. Kavitha, Removal of Congo red from 
water by adsorption onto activated carbon prepared from 
coir pith, an agricultural solid waste, Dyes Pigm., 54 (2002) 
47–58.

[41]	 S. Preethi, A. Sivasamy, S. Sivanesan, V. Ramamurthi, G. Swa-
minathan, Removal of safranin basic dye from aqueous solu-
tions by adsorption onto corncob activated carbon, Ind. Eng. 
Chem. Res., 45 (2006) 7627–7632.

[42]	 S. Largergren, Zur theorie der sogenannten adsorption 
geloster stoffe. Kungliga Svenska Vetenskapsakademiens, 
Handlingar., 24 (1898) 1–39.

[43]	 A.J. Kumar, R.P. Singh, D. Fu, C. Namasivayam. Comparison 
of physical- and chemical-activated Jatropha curcas husk car-
bon as an adsorbent for the adsorption of  Reactive Red 2 from 
aqueous solution, Desal. Water Treat., 95 (2017) 308–318.

[44]	 Y.S. Ho, G. McKay, The kinetics of sorption of basic dyes from 
aqueous solution by sphagnum moss peat, Can. J. Chem. Eng., 
76 (1998) 822–827.

[45]	 Y.S. Ho, Review of second-order models for adsorption sys-
tems, J. Hazard. Mater., 136 (2006) 681–689.

[46]	 Z. Jia, Z. Li, T. Ni, S. Li, Adsorption of low-cost absorption 
materials based on biomass (Cortaderia selloana flower spikes) 
for dye removal: Kinetics, isotherms and thermodynamic 
studies, J. Mol. Liq., 229 (2017) 285–292.

[47]	 S. Kanchi, K. Bisetty, G. Kumar, M.I. Sabela, Arab robust 
adsorption of Direct Navy Blue-106 from textile industrial 
effluents by bio-hydrogen fermented waste derived activated 
carbon: Equilibrium and kinetic studies, Arab. J. Chem., 10 
(Suppl. 2) (2017) S3084–S3096.

[48]	 L. Shi, G. Zhang, D. Wei, T. Yan, X. Xue, S. Shi, Q. Wei, Prepa-
ration and utilization of anaerobic granular sludge-based 
biochar for the adsorption of methylene blue from aqueous 
solutions, J. Mol. Liq., 198 (2014) 334–340.

[49]	 H.M.F. Freundlich, Over the adsorption in solution, J. Phys. 
Chem., 57 (1906) e470.

[50]	 F. Nekouei, S. Nekouei, I. Tyagi, V.K. Gupta, Kinetic, thermo-
dynamic and isotherm studies for acid blue 129 removal from 
liquids using copper oxide nanoparticle-modified activated 
carbon as a novel adsorbent, J. Mol. Liq., 201 (2015) 124–133.

[51]	 Y. Wu, H. Luo, H. Wang, L. Zhang, P. Liu, L. Feng, Fast adsorp-
tion of nickel ions by porous graphene oxide/sawdust compos-
ite and reuse for phenol degradation from aqueous solutions, J. 
Colloid Interface Sci., 436 (2014) 90–98.

[52]	 D. Suteu, S. Coseri, M. Badeanu, C. Zaharia, Valorization 
of food wastes as sorbent for dye retention from aqueous 
medium, Desal. Water Treat.,  54 (2015) 2570–2580.

[53]	 I.D. Mall, V.C. Srivastava, N.K. Agarwal, I.M. Mishra, Removal 
of congo red from aqueous solution by bagasse fly ash and acti-
vated carbon: kinetic study and equilibrium isotherm analy-
ses, Chemosphere, 61 (2005) 492–501.

[54]	 P.S. Kumar, S. Ramalingam, C. Senthamarai, M. Niranjanaa, P. 
Vijayalakshmi, S. Sivanesan, Adsorption of dye from aqueous 
solution by cashew nut shell: Studies on equilibrium isotherm, 
kinetics and thermodynamics of interactions, Desalination, 
261 (2010) 52–60.

[55]	 Z. Hu, H. Chen, F. Ji, S. Yuan, Removal of Congo Red from 
aqueous solution by cattail root, J. Hazard. Mater., 173 (2010) 
292–297.



K. Durairaj et al. / Desalination and Water Treatment 113 (2018) 270–280280

[56]	 V. Vimonses, S. Lei, B. Jin, C.W. Chow, C. Saint, Kinetic study 
and equilibrium isotherm analysis of Congo Red adsorption 
by clay materials, Chem. Eng. J., 148 (2009) 354–364.

[57]	 M. Ghaedi, H. Tavallali, M. Sharifi, S.N. Kokhdan, A. Asghari, 
Preparation of low cost activated carbon from Myrtus com-
munis and pomegranate and their efficient application for 
removal of Congo red from aqueous solution, Acta Mol. Bio-
mol. Spectro., 86 (2012) 107–114.

[58]	 C. Namasivayam, N. Muniasamy, K. Gayatri, M. Rani, K. 
Ranganathan, Removal of dyes from aqueous solutions by 
cellulosic waste orange peel, Bioresour. Technol., 57 (1996) 
37–43.

[59]	 S. Dawood, T.K. Sen, Removal of anionic dye Congo red from 
aqueous solution by raw pine and acid-treated pine cone 
powder as adsorbent: equilibrium, thermodynamic, kinetics, 
mechanism and process design, Water Res., 46 (2012) 1933–
1946.

[60]	 M.C. Reddy, Removal of direct dye from aqueous solutions 
with an adsorbent made from tamarind fruit shell, an agricul-
tural solid waste, JSIR., 65 (2006) 443–446.

[61]	 M.F. Attallah, I.M. Ahmed, M.M. Hamed, Treatment of indus-
trial wastewater containing Congo Red and Naphthol Green B 
using low-cost adsorbent, Environ. Sci. Pollut. Res., 20 (2013) 
1106–1016. 

[62]	 M. Ahmaruzzaman, S.L. Gayatri, Batch adsorption of 
4-nitrophenol by acid activated jute stick char: equilibrium, 
kinetic and thermodynamic studies, Chem. Eng. J., 158 (2010) 
173–180.


