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a b s t r a c t
An abundant lignocellulosic agricultural waste of jatropha husk was used to prepare jatropha husk 
carbon (JHC) and zinc chloride–activated jatropha husk carbon (ZAJHC) as an adsorbent for the 
removal of Reactive Red 2 (RR2) from water. Batch mode adsorption experiments were carried out 
and the parameters investigated include agitation time, dye concentration, adsorbent dose, pH and 
temperature. Adsorption equilibrium data were analyzed using Langmuir, Freundlich, and Dubinin–
Radushkevich isotherm models for RR2 concentrations of 20–100 mg L−1. Langmuir adsorption capac-
ity was found to be 12.5 mg g−1 for JHC and 100 mg g−1 for ZAJHC. The kinetic data are following 
closely the pseudo-second-order kinetic model. Acidic pH was favorable for the adsorption of RR2. 
The pH effect and desorption studies suggest that the ion-exchange mechanism might be the major 
mode of the adsorption process. Significance of this study provides the ZAJHC sample that shows 
excellent adsorbent toward the removal of RR2 from wastewater.
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1. Introduction

Textile industry wastewaters are an important source of 
environmental contamination. The high level of production 
and application of organic dyes generate colored waste-
waters causing serious environmental problems because 
of their toxicity [1]. Particularly, the textile, mining and 
metallurgical industries consume enormous volumes of 
water, and their effluents severely impact the environment 
because of the toxic nature of their residues [2]. During the 
last 35 years, China and other developed countries had a 
major producer of dyes and pigments to cater to the needs 
of not only the textile industries but also of other industries 
such as paper, rubber, plastics, paints, printing inks, art and 
craft, leather, food, drug and cosmetics. Mostly, the reactive 

dyes are the common dyes used for several applications 
such as bright colors, excellent color fastness and ease of 
application [3]. Though not particularly toxic, dyes have an 
adverse aesthetic effect because they are visible pollutants 
[4]. The presence of color will reduce aquatic diversity by 
blocking the passage of light through the water. Therefore, 
the removal of dyes from strongly colored reactive dye 
wastewater or effluent becomes environmentally import-
ant [5]. It is estimated that approximately 50% of reactive 
dyes may be lost in the effluent after the dyeing process [6]. 
There are many techniques for removing dyes from waste-
water, such as adsorption, coagulation, filtration, oxidation, 
sedimentation, precipitation and reverse osmosis. A wide 
range of technologies have been adopted to remove these 
dyes from wastewaters.

Adsorption has been found to be an efficient and cost- 
effective to remove dyes from water [7], various adsorbents 
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such as activated carbon (AC) [8], sepiolite [9], vermiculite 
[10] and carbon nanotube [11] were used to remove dyes 
from aqueous solution. AC is one of the most commonly 
used adsorbents for removal of dyes from water due to its 
high specific surface area (SSA) and large adsorption capacity 
[12]. The widespread cultivation of Jatropha curcas is initiated 
globally. According to the Planning Commission of India, the 
estimated potential area of J. curcas plantations is 17.4 million 
hectares and the projected jatropha husk (JH) production is 
350 million tons [13].

As JH is rich in lignin, it has the potential to be a good 
precursor for the production of AC, which forms the basis of 
this work [14]. The waste biomass has been utilized by many 
researchers for removal of Reactive Red 2 (RR2) using ACs 
prepared by different activators such as coir pith H2SO4 [15], 
rice husk by H2SO4 [16], H3PO4 and ZnCl2-activated buriti 
shells [17]. Since ZnCl2 is a dehydrating agent, formation of 
tar on activation of the precursor can be avoided [18] as car-
bonaceous precursors for the removal of dyes from waste-
water. The objective of the present study was to evaluate the 
comparison of jatropha husk carbon (JHC) and zinc chloride–
activated jatropha husk carbon (ZAJHC) for the removal of 
RR2 from aqueous solution. Adsorption isotherms were 
studied at different RR2 concentrations. Desorption was per-
formed under controlled conditions to check the reversibility 
in the adsorption process and desorption yield from a loaded 
adsorbent was measured at different pH values.

2. Experimental

2.1. Materials

jatropha husk (JH) was collected from Tamil Nadu 
Agricultural University, Coimbatore, India. The dry raw 
JH was washed with tap water and then washed with dou-
ble-distilled water to remove earthy impurities. Then it was 
dried in a hot air oven at 105°C ± 5°C for 8 h. All the chemicals 
used are AR grade and were purchased from Loba-Chem and 
Merck (Mumbai, India).

2.2. Synthesis of JHC by physical method

The JH was collected and further it was washed, dried and 
crushed in a steel container with a tight lid. This container 
was placed in another concentric steel container with another 
lid. The linear space was filled with sand that was consoli-
dated layer by layer up to the brim of the outer container. 
This arrangement achieved a near-total absence of exposure 
of the carbonizing material, allowing only a limited presence 
of oxygen trapped in the voids of the JH. This setup was 
placed in a muffle furnace for 1 h at 800°C ± 5°C. After down 
to room temperature, the carbon was collected and washed 
with distilled water to remove impurities like tars. This mate-
rial was subsequently oven-dried at 105°C ± 5°C for 8 h and 
sieved to 250–500 mm (60–35 mesh American Standard Test 
Sieve Series (ASTM)) size and designated as JHC.

2.3. Synthesis of ZAJHC by chemical method

The washed, dried and crushed JH (450 g) was mixed 
with 2.0 L hot water containing 450 g of ZnCl2 for 1 h. The 

remaining solution was drained off and ZnCl2-soaked JH was 
dried using oven at 60°C ± 5°C for 12 h. The material was filled 
in a steel container (19 cm × 9 cm × 9 cm) with a tight lid. This 
container was placed in another concentric steel container 
(29 cm × 12 cm × 12 cm) with another lid. The linear space was 
filled with sand, which was a consolidated layer by layer up 
to the brim of the outer container. This arrangement achieved 
a near-total absence of exposure of the carbonizing material 
to air, allowing only a limited presence of oxygen trapped in 
the voids of the ZAJHC. This setup was placed in a muffle fur-
nace at 1 h at 800°C ± 5°C. After down to room temperature, 
the carbon was taken out and the excess zinc chloride was 
leached out by immersing it in hot 1.0 M HCl solution for 24 h 
and kept in an air oven at 80°C ± 5°C. It was then repeatedly 
washed with hot water until the chloride had disappeared 
from the wash water (tested by the silver nitrate method). 
This material was subsequently oven-dried at 105°C ± 5°C for 
8 h and sieved to 250–500 μm size (60–35 mesh ASTM) and 
designated as ZAJHC and stored in airtight plastic container. 
All the chemicals used are of analytical reagent grade from 
Loba Chemie Ltd. and Merck Ltd. (Mumbai, India).

2.4. Characterization

The surface characteristics of JHC and ZAJHC such 
as pH, specific gravity, bulk density (g−1 mL), porosity, 
ion-exchange capacity, solubility in water and acid, avail-
ability of iodine number, pHzpc, SBET surface area, and pore 
distribution are shown in Table 1. The isoelectric point (IEP) 
or zeta potential zero point charge (pHZPC) is an essential fac-
tor that constructs the adsorption capacity of the AC. AC is 
usually considered as amphoteric solid due to the existence 
of variety of surface functional groups. The pHZPC value is 
the point at which surface functional groups do not con-
tribute to the pH of the solution. IEP is used to qualitatively 
assess the polarity of the adsorbent surface charge. The pHZPC 
of the ZAJHC is 6.80. At pH < IEP, the adsorbent has pos-
itive surface charge and can act as anion exchanger. While 
at pH > IEP, the surface charge of the adsorbent is negative, 
which benefits for adsorbing cations. Structural studies and 
surface morphologies of the loaded and unloaded ZAJHC 
were characterized by different analytical techniques. X-ray 
diffraction was performed at room temperature using a PAN 
analytical (X-Pert-Pro) diffractometer with Cu Kα1 radi-
ation (λ = 1.5406 Å). Infrared spectrum of the samples was 
obtained by using a Fourier transform infrared (FTIR) spec-
trometer (Bruker Tensor 27, Germany). The X-ray photoelec-
tron spectroscopy (XPS) was carried out using a Kratos Axis 

Table 1
Characteristics of JHC and ZAJHC

S. no. Characteristics JHC ZAJHC

1 pHzpc 9.7 6.8
2 Specific gravity 0.05 1.03
3 Bulk density (g L−1) 0.29 0.20
4 Porosity (%) 84 81
5 SBET (m2 g−1) 424 822
6 Iodine number (mg g−1) 70 91
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Ultra-DLD X-ray photoelectron spectroscope (Manchester, 
UK). The morphology and elemental analysis of the loaded 
and unloaded ZAJHC were examined using scanning elec-
tron microscope (SEM-JSM, 840A, JEOL, Japan). The carbon 
samples were filtered using a suction pump on qualitative 
filter paper and stored in a vacuum desiccator, which was 
later used for instrumental analysis.

2.5. Preparation of RR2 solutions

A stock solution was prepared by dissolving an appro-
priate quantity of RR2 (1,000 mg L−1) in distilled water. A 
calibration plot was prepared by measuring the absorbance 
at 508 nm using UV–visible spectrometer (SPECORD 200, 
Analytic Jena, Germany). The working solutions were pre-
pared (20–100 mg L−1) by diluting the stock solution with 
distilled water to give the appropriate concentration of the 
working solutions.

2.6. Batch mode adsorption study

Adsorption experiments were carried out by agitating 
50 mg of ZAJHC with 50 mL of dye solution of desired con-
centration and pH at 200 rpm, 35°C in a thermostated rotary 
shaker (Orbitek, Chennai, India). RR2 concentration was esti-
mated spectrophotometrically by monitoring the absorbance 
at 508 nm using UV–Vis spectrophotometer (Specord 200, 
Analytic Jena, Germany). The pH was measured using pH 
meter (Elico, model LI-127, Hyderabad, India). The dye solu-
tion was separated from the adsorbent by centrifugation at 
2,500 rpm for 30 min and its absorbance was measured. Effect 
of adsorbent dosage was studied with different adsorbent 
doses (25–200 mg) and 50 mL of dye solutions and agitated 
for equilibrium time. Langmuir, Freundlich and Dubinin–
Radushkevich (D–R) isotherms were employed to study the 
equilibrium adsorption. Effect of pH was studied by adjust-
ing the pH of dye solutions using dilute HCI and NaOH 
solutions and the solutions were agitated with 50 mg/50 mL. 
JHC and ZAJHC desorption studies of the adsorbent that was 
used for the adsorption of 20 and 40 mg L−1 of dye solution 
was separated from the solution by centrifugation. The dye-
loaded adsorbent was filtered using Whatman filter paper 
and washed gently with water to remove any unabsorbed 
dye. Several such samples were prepared. Then the spent 
adsorbent was agitated for 120 min with 50 mL of distilled 
water and adjusted to different pH values. The desorbed dye 
was estimated as before. Effect of temperature on removal 
was examined using aliquots of 50 mL RR2 solution of 
60 mg L−1 with 25 mg of JHC and ZAJHC was carried out at 
35°C, 40°C, 50°C and 60°C.

3. Results and discussion

3.1. Structural and morphological analysis

3.1.1. X-ray analysis

X-ray powder diffraction pattern was used to analyze the 
crystallinity and phases of the as-prepared JHC and ZAJHC 
as RR2 adsorbed JHC and ZAJHC. Fig. 1(a) shows broad 
peaks at 23.5° and 43°, which correspond to the (002) and 
(100) planes, respectively. Thus, the results confirm that the 

ZAJHC was amorphous. The XRD pattern of RR2-adsorbed 
ZAJHC shows that the intensity of (002) and (100) planes 
are slightly suppressed Figs. 1(a) and (b) [19]. The decreased 
intensity of the planes may be due to the adsorbed RR2 on 
the surface and pores of ZAJHC.

3.1.2. FTIR analysis

The FTIR spectra of the JHC and ZAJHC and RR2 
adsorbed JHC and ZAJHC are shown in Figs. 1(c) and (d). 
The FTIR spectrum of the AC shows weak and broad peaks 
in the region of 500–4,000 cm−1. Many bands disappeared, 
indicating the vaporization of organic matters present 
on precursor (JHC). This confirms that due to complete 
decomposition/volatilaztion of precursor most of the sur-
face functional groups present on JHC disappeared or got 
washed out, though some peaks are observed in FTIR spec-
trum of ZAJHC. The wide band at 3,425 cm−1 is due to the 
O–H vibrations of hydroxyl groups. The development of 
ZAJHC intense band occurred at about 2,923 cm−1 for the 
removal of RR2 precursor and was attributed to the C–H 

Fig. 1. Before adsorption of X-ray patterns JHC (a), after 
adsorption of X-ray patterns ZAJHC (b), before adsorption of 
FTIR JHC (c), after adsorption of FTIR ZAJHC (d).
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stretching vibration. It disappeared due to the elimination 
of hydrogen elements to a large extent when using AC. 
In addition, ZAJHC observed that the sharp bands at 
about 1,035 cm−1 for the sludge precursor shifted toward 
higher wave number for ACs indicating some changes in 
the C–O–C group in carboxylic and alcoholic groups [20]. 
The RR2-loaded ZAJHC shows peak at 1,574 cm−1 which 
was shifted into 1,570 cm−1 and can be attributed to N–H 
vibration coupled with C–N stretching mode, indicating 
the saturation of the material with the RR2 [21].

3.1.3. XPS analysis

XPS was employed to analyze the structure of car-
bon and AC and also to confirm the results obtained by 
the Raman spectroscopy. The amounts of surface func-
tional groups (acidic and basic) of JHC and ZAJHC were 
as 5.67 (36.79%), 9.74 (63.21%), 1.46 (86.9%) and 0.22 
(13.1%) meq g−1, respectively. The total functional of 
groups of JHC and ZAJHC such as 15.41 (100%) and 1.68 
(100%) meq g−1, respectively. The XPS spectra of JHC and 
ZAJHC show strong signals from carbon and oxygen ele-
ments as shown in Fig. 2, JHC exhibits two prominent 
peaks attributed at 285.3 and 533.8 eV. The C 1s core level 
peak positions of the carbon atoms were at 285.3 eV. Fig. 2 
shows the peak position for oxygen which was centered on 
533.8 eV. The XPS spectrum of ZAJHC exhibits two peaks 
attributed at 285.5 eV and 533.5 eV corresponding to C 1s 
and O 1s, respectively [21].

3.1.4. Morphological analysis

In the present study, the SEM images of the external 
surface of thermally activated jatropha husk carbon (JHC 
and ZAJHC) was full of cavities and was very irregular 
growth-like structure (Fig. 3). The results showed that 
the change in fractal dimension was insignificant and the 
complete development of pores on the surface of ZAJHC 
was due to the activation of ZnCl2 [22]. Morphology of the 
JHC and ZAJHC and RR2 loaded were observed through 
SEM micrographs and Fig. 3(b) shows tremendous, per-
fect and constructed pore structures on the surface. The 
carbon is compressed and the lanky structure is due to the 
formation of more interspaces between the monolayers of 
the carbon by activation of ZnCl2. Higher volume of pores 
developed from the ZnCl2 activation acts as a route for the 
contaminants to enter into the micropores. Basically, the 
high SSA and pore structure are the basic parameters for 
an effective adsorbent. When the porosity of the JHC and 
ZAJHC increases, the SSA also increases. After adsorption, 
the surface turned to irregular structure. It showed that the 
dye was strongly adsorbed on the surface of the JHC and 
ZAJHC as shown in Figs. 3(a)–(d).

3.2. Adsorption of RR2 on ZAJHC

3.2.1. Effect of pH

The effect of initial pH solution removal of RR2 
(20–100 mg L−1) on JHC and ZAJHC. The pH dependence 
of dye adsorption onto JHC and ZAJHC adsorbents could 

be well explained in terms of their pHZPC. When pH < 
pHZPC, the net surface charge on solid surface of JHC and 
ZAJHC adsorbents is positive due to adsorption of excess 
H+, which favors adsorption of dye anion due to Coulombic 
attraction. At pH > pHZPC, the net surface charge is negative 
due to desorption of H+ and adsorption must compete with 
Coulombic repulsion. The consistent RR2 removal in the 
pH range 2–10, JHC 15%–2% and ZAJHC 98%–23% could 
be due to the combined effect of both chemical and electro-
static interactions between adsorbent surfaces and SO3

− in 
dye anions. The observed reduction in dye adsorption above 
pH 10.0 may suggest that the strong negative surface charge 
developed may cause repulsion for the available adsorp-
tion sites. Another factor is that in alkaline medium, lower 
adsorption capacity may be due to the competition of OH− 
ions with dye anions [23]. The decrease in dye adsorption 
is particularly sharp above pH 10.0, as the surface charge 
becomes more negative. Hence, dye anions would have to 
overcome electrostatic forces as there would be a higher 
density of negative charge very close to the surface, hence 
greater electrostatic repulsion.

Fig. 2. XPS spectra of JHC and ZAJHC.
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3.2.2. Desorption studies

Disposal of the spent adsorbent directly or indirectly pol-
lutes the environment. If regeneration of adsorbate from the 
spent adsorbent is possible, then it would not only protect 
the environment but also help to recycle the adsorbate and 
adsorbent for further use and hence contribute to the econ-
omy of treatments. Desorption studies also aid to evaluate 
the adsorption mechanism. Desorption studies as a function 
of pH were conducted to analyze the possibility of reuse of 
the adsorbent for further adsorption and to make the process 
more economical. The desorption process was conducted 
with two different dye concentrations of 20 and 40 mg L−1. 
As the pH increases, the desorption percentage gradually 
increases as shown in Figs. 4(c) and (d). The reversibility of 
adsorbed dyes is in agreement with the pH dependent results 
obtained. Desorption of dye at higher pH indicates that the 
adsorption of RR2 by JHC and ZAJHC was spontaneous and 
it was followed by an ion-exchange mechanism.

3.2.3. Effect of agitation time

A sequence of contact time JHC and ZAJHC experiments 
for adsorption of RR2 were carried out at different initial con-
centrations (20–100 mg L−1) at 35°C shown in Figs. 5(a) and 
(b). RR2 amount adsorbed increased from 2.0 to 5.92 mg g−1 
with an increase in initial concentration from 20 to 100 mg L−1 

of JHC. In the case of RR2, the amount adsorbed increased 
from 14.84 to 58.03 mg g−1with an increase in initial concen-
tration from 20 to 100 mg L−1 at initial pH solution 6.0, respec-
tively. The JHC equilibrium time was found to be 80 min  
for 20 mg L−1, 120 min for other concentrations. In the case 
of ZAJHC equilibrium time was found to be 100 min for all 
the concentrations. The percent of removal decreased with 
increasing initial concentration of dye, but the actual amount 
of dyes adsorbed per unit mass of carbon increased with 
increase in the concentration of dyes. It means that the adsorp-
tion is highly dependent on initial concentration of dyes. At 
lower concentration, the ratio of the initial number of dye 
molecules to the available surface area is low. Subsequently, 
the fractional adsorption becomes independent of initial con-
centration. However, at the high concentration of dye, the 
available sites of adsorption become fewer and hence the per-
cent removal of dyes is dependent upon initial concentration.

3.2.4. Effect of adsorbent dose

The increase in adsorbent dose increased the percent 
removal and attained a plateau after a particular adsorbent 
dose. A larger mass of adsorbent could adsorb larger amount 
of adsorbate due to the availability of more surface area of the 
adsorbent. Removal of RR2 by JHC and ZAJHC at different 
adsorbent doses from 25 to 200 mg/50 mL and different initial 
concentrations of RR2 from 20 to 100 mg L−1 was studied. It was 

Fig. 3. SEM images of (a) raw JHC, (b) JHC with adsorbed RR2, (c) raw ZAJHC, and (d) ZAJHC with adsorbed RR2.
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found that increase in adsorbent dose increased the removal of 
RR2 and quantitative removal occurred at 25, 50, 75, 100, 150 
and 200 mg/50 mL for 20, 40, 60, 80 and 100 mg L−1 of RR2, 
respectively. However, for each adsorbate studied, the amount 
of adsorbate adsorbed (qe) after equilibrium per unit weight 
of adsorbent was different for JHC and ZAJHC. In the case of 
ZAJHC percent removal increased to 100% with increase in 
adsorbent dose for all the dyes. In the case of JHC, the percent 
removal did not reach 100% even though the adsorbent dose 
was increased. The equilibrium pH (final pH after adsorption) 
of the adsorbate plays an important role in the adsorption 
process. As adsorbent dose was increased, the final pH for the 
adsorption of dyes also generally increased slightly.

3.2.5. Adsorption kinetics

The rate constant of adsorption is determined from the 
first-order rate expression given by:

log( ) log
.

q q q
k t

e e− −= 1

2 303
 

(1)

where qe and q are the amounts of RR2 adsorbed (mg g−1) at 
equilibrium and at time t (min), respectively, and k1 is the rate 
constant of adsorption (min−1). Linear plots of log(qe − q) vs. t for 
different concentrations of RR2 were obtained. Table 2 shows 
the values of k1, which were calculated from the slopes of the 
linear plots.

3.2.5.1. Pseudo-second-order kinetic model Second-order 
kinetic model can be represented as follows:

t
q k q qe e

= +
1 1

2
2 

 (2)

where k2 is the equilibrium rate constant of pseudo- 
second-order adsorption (g mg−1 min−1). Values of k2 and qe 
were calculated from the plots of t/q vs. t. The computed 
results obtained from the first- and second-order kinetic 
models along with experimental qe values are presented in 
Table 2. The calculated qe values of the pseudo-second-order 

Fig. 4. Effect of pH on (a,b) JHC and ZAJHC adsorption of RR2 and (c,d) JHC and ZAJHC desorption of RR2. 
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Fig. 5. Effect of agitation time and initial RR2 concentration on (a) JHC and (b) ZAJHC; intraparticle diffusion plots for adsorption of 
RR2 onto (c) JHC and (d) ZAJHC.

Table 2
Kinetic parameters for the removal of RR2 onto JHC and ZAJHC

Adsorbent Initial conc. 
(mg L−1)

qe (exp)  
(mg g−1)

Pseudo-first order Pseudo-second order

k (min−1) qe (cal) (mg g−1) R2 K2 (g mg−1 min−1) qe (cal) (mg g−1) R2

JHC 20 2.00 0.04 1.04 0.937 0.14 2.09 0.997
40 3.09 0.02 2.01 0.961 0.07 3.39 0.993
60 4.02 0.03 3.03 0.958 0.04 4.50 0.99
80 5.25 0.02 3.63 0.981 0.03 5.71 0.986

100 5.92 0.02 4.38 0.969 0.03 6.58 0.986
ZAJHC 20 14.84 0.035 16.03 0.978 0.0017 17.86 0.984

40 27.01 0.044 34.91 0.966 0.0007 28.57 0.998
60 36.75 0.044 48.75 0.967 0.0004 37.04 0.987
80 45.87 0.051 70.46 0.941 0.0003 45.45 0.974

100 57.04 0.039 67.76 0.967 0.0002 55.56 0.981
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kinetics are generally closer to the experimental qe values 
compared with calculated qe values from pseudo-second- 
order kinetics. Therefore, the adsorption process follows 
pseudo-second-order kinetic model. Similar results were 
also obtained for the adsorption kinetics of various pollut-
ants onto AC cloth [24–27].

3.2.6. Intraparticle diffusion

An empirically found functional relationship, common to 
the most adsorption processes, is that the uptake varies with 
t1/2. It is represented as follows:

q k tt = id
1 2/  (3)

where qt is the amount adsorbed (mg g–1) at time, t (min) and 
kid is the intraparticle diffusion rate constant. Plots of qt vs. 
kid have the same general features (Figs. 5(c) and (d)). The 
initial curved portion is attributed to the bulk diffusion effect, 
the linear portion to the intraparticle diffusion effect and the 
plateau to the equilibrium. The linear portions of the plots 
do not pass through the origin indicating that intraparticle 
diffusion is not the only rate controlling step for adsorption 
process. The slopes of the linear portions of the plots of qt 
vs. t1/2 give the values of kid (Table 3). Values of intercept give 
an idea about the thickness of boundary layer, that is, larger 
the intercept, greater is the boundary layer effect [28]. The 
linear portions are attributed to the instantaneous utilization 
of the most readily available adsorbing sites on the adsorbent 
surface.

3.2.7. Adsorption isotherms

Adsorption isotherms are mathematical models, which 
are used to describe the distribution of the adsorbate species 
among solid and liquid phases. The adsorption data were 
investigated by using three types of the most common iso-
therms: Langmuir, Freundlich and D–R models shown in 
Figs. 6(a) and (b).

3.2.7.1. Langmuir isotherm Langmuir model suggests a 
monolayer adsorption with no lateral interaction between 

the adsorbed molecules. Langmuir equation is expressed as 
follows [29]:

C Ce

e

e

q Q b Q
= +

1

0 0

 (4) 

The constant Q0 gives the theoretical monolayer adsorp-
tion capacity (mg g−1) and b is related to the energy of adsorp-
tion (L mg−1). Plot of Ce/qe vs. Ce gives a straight line with slope 
1/Q0 and intercept 1/Q0b. JHC and ZAJHC Langmuir con-
stants Q0 and b were found to be 12.5 mg g−1 and 0.01 (L mg−1), 
100 mg g−1 and 0.03 (L mg−1), respectively. The essential char-
acteristics of the Langmuir isotherm can be expressed by a 
dimensionless constant called equilibrium parameter RL. The 
calculated RL values were found to be between 0 and 1 that 
indicate favorable adsorption. The RL values are shown in 
Table 4.

3.2.7.2. Freundlich isotherm Freundlich model assumes 
heterogeneous adsorption due to the diversity of sorption 
sites or the diverse nature of the adsorbate adsorbed, free or 
hydrolyzed species.

The Freundlich isotherm model is expressed as fol-
lows [30]:

log log logq k
n

Ce f e= +
1

 (5)

The Freundlich constants, kf and n, were calculated from 
the linear plot of logqe vs. logCe and are presented in Table 4. 
Similar results were also obtained for the adsorption iso-
therm data of various pollutants onto AC cloth [31–33].

3.2.7.3. Dubinin–Radushkevich This adsorption poten-
tial is independent of temperature, but it varies depending 
on the nature of adsorbent and adsorbate. The mean free 
energy of adsorption gives information about adsorption 
mechanism as chemical ion exchange. If E value is between 
8 and 16 kJ mol−1, the adsorption process follows by ion 
exchange and if E < 8 kJ mol−1, the adsorption process 

Table 3

Intraparticle diffusion kinetic parameters of RR2 onto JHC and ZAJHC

Conc. (mg L−1) qe (exp)(mg g−1) kid (mg g−1h−1/2) C R2

20 2.00 0.10 1.09 0.897
40 3.09 0.19 0.93 0.901

Intraparticle 60 4.02 0.27 1.03 0.967
diffusion JHC 80 5.25 0.34 1.40 0.97

100 5.92 0.40 1.49 0.979
20 14.84 1.32 1.51 0.972
40 27.01 2.07 4.37 0.894

Intraparticle 60 36.75 2.95 4.93 0.906
diffusion ZAJHC 80 45.87 3.64 6.40 0.893

100 57.04 4.70 5.72 0.905
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is physical in nature [34]. The mean energy of the RR2 
adsorption onto JHC and ZAJHC was calculated as 10 
and 11.18 kJ mol−1, respectively, which indicates that the 
adsorption of RR2 onto the JHC and ZAJHC occurred by 
ion-exchange mechanism.

Figs. 6(a) and (b) show different adsorption isotherms 
along with the experimental data. In order to compare the 
validity of isotherms, a normalized deviation, ∆q (%), was 
calculated using the following equation:

∆q
q q q

n
e e e

%
exp exp

( ) = ×
−( )





−( )
∑

100
1

2
cal

 (6)

where superscripts ‘exp’ and ‘cal’ are the experimental and 
calculated values, respectively, and ‘n’ is the number of 

measurements. From the results it was found that Freundlich 
isotherm shows lowest ∆q and so it is most suitable than 
other isotherms (Table 4).

3.2.8. Effect of temperature

Increase of temperature increased the percent removal. 
Changes in standard free energy, enthalpy and entropy of 
adsorption were calculated using the following equations 
according to van’t Hoff equation. JHC and ZAJHC positive 
values of ∆H° (60.5 and 12.58 J mol−1 K−1) show the endother-
mic nature of adsorption. The negative values of ∆G° indicate 
the spontaneous nature of adsorption for RR2. Table 5 shows 
positive values of ∆S° (−9.78 and 64.32 J mol−1 K−1) which sug-
gest an increased randomness at the solid/solution interface 
during the adsorption of dye on JHC and ZAJHC, respec-
tively [35].

Fig. 6. Comparison of Langmuir, Freundlich and D–R isotherms for adsorption of RR2 onto (a) JHC and (b) ZAJHC.

Table 4
Langmuir, Freundlich and Dubinin–Radushkevich isotherm constants for the adsorption of RR2 onto JHC and ZAJHC

Adsorption 
system

Conc.  
mg L−1

Langmuir Freundlich D–R
Q0  
(mg g−1)

b  
(L mg−1)

R2 RL Dq (%) kf mg1–l/n 

Ll/n/g
n R2 ∆q  

(%)
qm 

(mg g−1)
b (mol2  

J2 × 10−9)
R2 ∆q 

(%)

JHC RR2 100 0.85
120 0.74
140 12.15 0.01 0.927 0.66 5.54 0.25 1.46 0.998 3.12 89.92 5 0.993 29.83
160 0.59
180 0.53

ZAJHC RR2 100 0.62
120 0.45
140 100 0.03 0.937 0.35 114.9 5.43 1.63 0.996 112 795.45 4 0.994 114
160 0.29
180 0.25
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4. Conclusions

The effect of pH for maximum removal was found 
at pH ≥5. The adsorption followed pseudo-second- 
order kinetics. The equilibrium data followed good fit with 
Freundlich isotherm. Adsorption of RR2 on JHC was found to 
non-spontaneous and ZAJHC was found to the spontaneous, 
respectively. Desorption studies show that the ion-exchange 
mechanism seems to be the major mode of adsorption for 
RR2 onto JHC and ZAJHC. The ZAJHC was more suitable 
for the recovery of adsorbates and there was a possibility of 
reuse of the adsorbent. ZAJHC can be used as an effective 
adsorbent for the removal of dyes RR2 from water compared 
with JHC. ZAJHC to the removal of dyes is expected to be 
economical.
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