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a b s t r a c t
Till date, few studies have been conducted in order to evaluate the efficiency of Rosa Damascena 
waste (RDW) for dyes removal from aqueous solution. In the present study, the powder and ash 
were prepared from RDW as inexpensive and locally-available materials for the preparation of the 
adsorbents to remove Reactive Red 198 (RR198) and Reactive Blue 29 (RB29) dyes from aqueous 
solution through batch experiments under operational factors namely, pH of solution, contact 
time, adsorbent dosage, initial dyes concentration and temperature. Physicochemical, morpho-
logical and structural properties of the adsorbents were also characterized using SEM and XRD 
instruments. Adsorption percentage of both dyes on the ash surfaces were significantly higher 
than that of powder. Results revealed that the adsorption efficiency increased with an enhance-
ment in the adsorbent dosage and contact time. While, a decreasing trend was observed in dye 
adsorption with increasing the initial concentration of dyes. The equilibrium contact time was 
found to be 60 min for both the adsorbents. The experimental data were also best fitted with 
Langmuir isotherm and pseudo-second-order kinetic models. It was found that intraparticle diffu-
sion was not the only rate-determining step of adsorption processes. The calculated values of the 
thermodynamic parameters such as ΔG°, ΔH° and ΔS° demonstrated that the adsorption of RR198 
and RB29 onto both the adsorbents were endothermic and spontaneous in nature. The adsorption 
percentage of RR198 and RB29 dyes on ash Rosa Damascena waste slightly declined from 88.8% 
to 61.0% and 91.3% to 66.1%, respectively, after five consecutive cycles. In conclusion, powder 
and ash derived from RDW are very effective and suitable adsorbents for reactive dyes removal 
from aquatic environment, due to their simple and cheap preparation, easy availability and good 
adsorption capacity.
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1. Introduction

The discharge of wastewater, containing dyes derived 
from plastics, textile and cosmetics industries, has recently 
been increased in volume. Dyes are widely used in industries 
for various purposes, for example, in chemistry laboratories 
for analytical purposes and in many biological and biomedi-
cal laboratories as biological stains [1]. The estimated annual 
production of dyes around the world is over 700,000 tons 
with 10,000 kinds of color, of which 10%–15% are discharged 
into the environment by the produced wastewaters [2]. It has 
been widely reported in the literature that industries mainly 
generate a strongly colored wastewater with a concentration 
in the range of 10–200 mg/L [3]. Dyes are organic compounds 
whose presence in the effluents increases the chemical oxy-
gen demand and decreases their biological degradability [4]. 
Moreover, the presence of dyes in water resources can reduce 
the penetration of light into aqueous media and subsequent 
reduction of photosynthesis and dissolved oxygen, espe-
cially in the lower layers, thereby endangering the aquatic 
organism and microorganism’s life [5,6]. Reactive dyes are 
known as the most widely used color substances in the textile 
industries, which have serious economic and environmental 
effects, due to their high solubility in water and spreading 
rapidly into the environment [7]. Therefore, with respect 
to the negative effects, structure and stability of these com-
pounds, their complete removal from water and wastewater 
deems necessary [8].

Till date, several technologies have been applied for 
removing dyes from aqueous environments such as ion 
exchange [9], coagulation and flocculation [10], adsorption 
[11], advanced oxidation [12], membrane filtration [9,13] and 
biological [14] approaches. In addition, a large number of 
remediation methods such as membrane filtration, electro-
chemical degradation, irradiation and ozonation have been 
employed for dye removal. However, most of the above-
mentioned remediation techniques are not only often expen-
sive but also have operational limitations such as sludge 
production, hazardous by-products, and the problem of 
sludge disposal [15–18]. Because of their time-consuming 
fermentation processes and also inability to remove dyes, the 
biological methods are not regarded consistently as the effec-
tive and appropriate approaches. The chemical methods, such 
as coagulation and flocculation, are not suitable for removal 
of dyes with high solubility in water (e.g., reactive dyes) and 
often produce high volumes of sludge [5].

The adsorption is more popular than the other water 
purification approaches, due to its simplicity in operation, 
effectiveness, even at very low pollutant concentrations, 
and easy operation [19,20]. Furthermore, the production of 
high-quality effluents and the absence of hazardous sub-
stances such as ozone and free radicals are the other advan-
tages of this process [11,21]. Recently, several adsorbents 
such as carbon nanotubes [22], zeolite [23], activated carbon 
(AC) [24] and bentonite [25] have been used to remove reac-
tive dyes from aqueous media.

The application of AC in the adsorption process is more 
effective than the other materials which were used as adsor-
bents. With respect to its special physical, chemical and mor-
phological features such as abundant surface area, porous 
structure and high adsorption capacity, AC has shown high 
potentials in dye removal [26]. However, the expensive 

restoration and production of AC have, to some extent, 
caused some serious restrictions against their application, so 
making it necessary to use low-cost adsorbents. The waste 
materials and the by-products of agriculture and industrial 
activities could be potentially used as low-cost adsorbents, 
due to their high availability and fewer processing require-
ments [27,28]. To date, many researchers have performed 
lots of studies to find novel, cheap and highly available 
adsorbents, and many authors are working to develop the 
application of cheap adsorbents. In this field, lots of research 
have been conducted to develop low-cost adsorbents [29,30]. 
In Iran, over 14,300 tons of Rosaceae are harvested annually 
which lead to obtaining 8,500 tons of Rosa damascena (RD). 
After distillation processes and extraction of essential oil, the 
wastes are discharged into environment without any use. 
Hence, it is an industrial waste which can be used as a poten-
tial source of an effective adsorbent.

To the best of our knowledge, no study has been con-
ducted so far to evaluate the efficiency of Rosa damascena 
waste (RDW) for dyes removal from aqueous solutions. In 
addition, production of AC from RDW by physical activa-
tion method is not reported in the literature. On the other 
hand, very little work has been reported about reactive dyes 
adsorption on RDW. Hence, in the present work, the pow-
der Rosa damascena waste (PRDW) and ash Rosa damascena 
waste (ARDW) were prepared from RDW as inexpensive 
and locally-available materials for the preparation of the 
adsorbents. The adsorbents were also characterized by using 
various techniques and their potentials were evaluated for 
the removal of Reactive Red 198 (RR198) and Reactive Blue 
29 (RB29) dyes in a batch system separately. To model and 
describe the experimental equilibrium data of dyes removal, 
several equilibrium isotherm and kinetic models were used. 
The potential reusability of adsorbents was also examined.

2. Materials and methods

2.1. Reagents and equipment

All chemicals were of analytical laboratory grade, pur-
chased from Spectrum Chemical Co., Ltd., Shanghai, China, 
and used in all experiments without further purification. 
Two commercial textile dyes: Reactive Red 198 (RR198, 55% 
purity) and Reactive Blue 29 (RB29, ≥50% purity) were pur-
chased from Alvan Sabet Co., Iran, and applied for prepa-
ration of stock solutions. The structure and some of the 
important physicochemical properties of the investigated 
dyes are given in Table 1. Deionized water (DI water) was 
used throughout all the experiments. A UV–visible spectro-
photometer model CECIL-7100 was used to determine the 
residual dyes concentrations in the solution.

2.2. Adsorbent preparation and characterization

In this study, RDW was obtained from Kashan Province, 
center of Iran, which is available in abundance. For complete 
removal of impurities, the materials were initially washed 
several times with DI water. Then, the rinsed samples were 
dried at 100°C for 8 h. Afterwards, the samples were milled 
and eventually passed through a range of sieves to reach 
to the particle size between 250 and 300 μm diameter in 
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accordance with the ASTM method [31]. The prepared pow-
der was finally stored in plastic bags until use. In addition, 
Rosa ash was prepared through slow pyrolysis inside a fur-
nace in an oxygen-free environment. In this method, a spe-
cific amount of powder was burned at 400°C temperature 
with heating rate of 25–35°C min–1 for 2 h. Afterwards, the 
ash was washed with distillate water repeatedly to remove 
the dirt and dried at 100°C for 8 h. Then, it was passed 
through a 250–300 μm standard sieve. The adsorbent was 
again dried in an oven at 80°C–85°C for 2 h and finally stored 
in an air tight container for future use.

Table 2 represents the results of the analysis of the 
physicochemical characteristics of applied adsorbents 
(i.e., powder and ash). Also, for comparison, some of the 
physicochemical characteristics of commercial AC as an 
adsorbent of reference are presented. A CHNOS–Rapid 
elemental analytical instrument (Elementer, Germany) was 
used for the elemental analysis of both adsorbents. The bulk 
density and particle size distribution of adsorbents were also 
determined using Gay–Lussac pycnometer and sieve anal-
ysis, respectively. A digital microprocessor–based moisture 
analyzer (Mettler LP16) and ASTM D2866–11 was applied 
to determine the moisture and ash content of adsorbents, 
respectively. Furthermore, the specific surface area of PRDW 
and ARDW was measured by the Brunauer–Emmett–Teller 
(BET, Quantachrome, 2000, NOVA) using N2 adsorption–
desorption isotherms at 77.3 K. The pH zero point of charge 
(pHpzc) of the adsorbents was determined, according to the 
procedure described by Cechinel et al. [32]. The surface mor-
phologies of both adsorbents were obtained using a Philips 
XL-30 scanning electron microscope (SEM) (Philips Co., 
The Netherlands). The XRD patterns of PRDW and ARDW 
were obtained (X,Pert MPD, Philips, The Netherlands) using 
graphite monochromatic copper radiation (Cu Kα, λ = 1.54 
Å) in the region of 10°–80° at 25°C.

2.3. Adsorption experiments procedure

The stock solutions of synthetic RR198 and RB29 with 
500 mg/L concentration were prepared by dissolving their 
required amounts into the DI water. The effect of experimental 

variables such as the solution pH, the contact time, the 
adsorbent dosage, the initial dye concentration and the tem-
perature on the adsorption efficiency was evaluated under 
batch-mode conditions. Batch experiments of dyes adsorption 
were conducted in 100 mL conical flasks containing 50 mL of 
solutions of dyes and varying adsorbent dosages. The samples 
were shaken at a constant rate of 300 rpm to reach adsorp-
tion equilibrium conditions. At appropriate time intervals, 
the aliquots were taken from the solutions and centrifuged 
at 5,000 rpm for 5 min to separate adsorbents particles. The 
residual dye concentrations in the solution were measured by 
a UV–visible spectrophotometer with the maximum absorp-
tion wavelengths of 518 nm for RR198 and 596 nm for RB29. 
All experiments were carried out in triplicate and the mean 
and the standard deviation (SD) of values were used to calcu-
late the final results. The percentage of dyes removal (R%) and 
the adsorption capacity, qe (mg/g), were determined as follows:

qe = −( )( )C C V
Me0  (1)

Table 1
Profile of RR198 and RB29 dyes used in the study

Characteristic Dye
RR198 RB29

Chemical formula C27H18ClN7Na4O16S5 C29H15Cl2N5Na2O9S2

Commercial name Reactive Red 198 Reactive Blue 29
Abbreviation RR198 RB29
Class Single azo class Anthraquinone
C.I. number 18221 292775
Molecular weight (g/mol) 984.21 758.47
λmax (nm) 518 596–600
Molecular structure

Table 2
Physicochemical characteristics of adsorbents used in this study

Parameters Adsorbent
ARDW PRDW Commercial AC 

Moisture content (%) 0.34 9.2 1.5–6
Volatile fraction (%) 0.19 10.9 0.1–1
Ash content (%) 0.06 17.89 2–10
Elemental analysis (%)
C 54.9 77.8 93.2
H 2.3 2.1 0.2
N 3.1 2.56 0.1
O 39.7 17.22 6.5
S ND 0.32 ND
pHpzc 6.7 5.57 7.5–8
Bulk density (kg/m3) 315 230 150–440
BET surface area (m2/g) 35.8 13.3 600–1,500
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where qe is the adsorption capacity at equilibrium time 
(mg/g), V is the volume of the solution (L) and M is the dry 
weight of adsorbent (g). C0 and Ce are the initial and residual 
dye concentrations (mg/L), respectively.

2.4. Adsorption optimization

To optimize the variables affecting RR198 and RB29 
adsorption, the effects of the solution pH (in the range of 
3.0–10.0) and contact time (at a period 3 h) were evaluated 
at initial dyes concentration of 25 mg/L in the presence of 
4 g/L of adsorbent at room temperature (20°C ± 1°C). The 
initial pH of solution was adjusted by 0.1 M HCl and 0.1 M 
NaOH solutions. Afterwards, the impact of various dosages 
of powder and ash was evaluated over a range of 0.5–6 g/L. 
After optimization of factors, the adsorption kinetics and iso-
therms were investigated. Finally, thermodynamic studies 
were developed in the range of 20°C–50°C, under the opti-
mized conditions.

3. Results and discussion

3.1. Adsorbent properties

The physicochemical characteristics of prepared adsor-
bents can be compared with commercial AC as an adsorbent 
of reference, as illustrated in Table 2. Accordingly, the values 
of surface area and bulk density of both prepared adsorbents 
were lower than that of AC, which might be associated with 
a difference in preparation and carbonization procedure as 
well as used materials. It is also notable that the amount 
of carbon (C) for PRDW and ARDW was lower than AC, 
indicating that the impurities of prepared adsorbents were 
mainly higher than commercial AC. For the other charac-
teristics no significant difference was observed. The surface 
morphologies of PRDW and ARDW were analyzed using 
SEM (Philips, XL-30), at 15 keV. It can be seen that the ARDW 
surface is clearly different from that of the PRDW. As shown 
in Fig. 1, ARDW (Fig. 1(b)) has an irregular structure result-
ing in a rougher surface, while PRDW (Fig. 1(a)) has regu-
lar structure. Referring the SEM image, it seems that ARDW 
is more porous than PRDW and it can provide a noticeable 
adsorption capacity for pollutants removal.

The XRD pattern of the adsorbents was analyzed in the 
region of 10°–80° at 25°C. The XRD analysis results, shown 
in Fig. 2(a), revealed that the maximum peak (at 22°) was 
related to disordered and dispersed cristobalite which 
belongs to amorphous silica, according to the standard 
(JCPDS No. 29–0085) [33]. Thus, from the obtained results of 
XRD analysis, it can be concluded that silica is the major com-
ponent in PRDW amorphous. There were no reflections likely 
associated with the crystalline phases of the other inorganic 
compounds present in PRDW. In the case of ARDW (Fig. 2(b)), 
however, two sharp peaks were observed at 26.5° and 29° in 
the pattern of ARDW, belonging to SiO2 (JCPDS No. 85–0457) 
and CaCO3 (JCPDS No. 86–2334), respectively. These results 
showed that silica in PRDW structure was oxidized to SiO2 
within ash preparation process from RDW.

3.2. Effect of contact time

The contact time between adsorbate and adsorbent is a 
critical experimental parameter affecting the performance 
of adsorption process. The effect of the contact time on the 
adsorption of RR198 and RB29 dyes by both adsorbents was 
evaluated during a 3 h time period and the results are shown 
in Fig. 3(a). The obtained results revealed that the removal 
efficiency of dyes increased rapidly during the initial steps 
of reaction and then kept an increasing trend at a relatively 
slow rate by increasing contact time and finally reached the 
equilibrium state after 60 min. The quick increase in the 
removal percentage in the initial stages can be ascribed to 
the existence of enormous vacant active sites in the adsorbent 
surface which were occupied by passing the contact time 
[5,34,35]. However, an increase in the contact time resulted 
in a decrease in the availability of dye molecules to active 
sites on the PRDW and ARDW surfaces that led to the reduc-
tion of the adsorption efficiency. Some studies have reported 
the same phenomenon in the investigation of reactive dyes 
adsorption on different adsorbents [36–38]. Hence, the con-
tact time of 60 min was chosen as an equilibrium time of the 

(a)

(b)

Fig. 1. Scanning electron microscope (SEM) images of PRDW 
(a) and ARDW (b) adsorbents.
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adsorption of RR198 and RB29 dyes onto PRDW and ARDW 
and used in the subsequent experiments.

3.3. Effect of pH

The initial solution pH is one of the most important 
parameters in adsorption process thereby affecting the 
adsorbent surface charges, the solution chemistry, and func-
tional groups on the active sites [39]. Results of the effect of 
variation in the solution pH on the percentage of RR198 and 
RB29 dyes adsorption by PRDW and ARDW adsorbents at 
optimized contact time (60 min) are presented in Fig. 3(b). 
Accordingly, the rise in the pH of solution from 3 to 10 led 
to the falling of the removal dye percentages. As can be seen, 
the maximum adsorption efficiency of dyes was obtained at 
pH 3.0 for both adsorbents.

The high amount of dye adsorption at pH below 6.0–7.0 
can be attributed to the electrostatic attraction between the 
adsorbent and the adsorbate molecules. Under these condi-
tions, the surfaces of adsorbent have positive charges lead-
ing to an electrostatic attraction between RR198 and RB29 
anionic dyes and adsorbents, which results in increasing 
the adsorption percentage. However, with increasing the 
solution pH, the electrostatic repulsion between the nega-
tively charged molecules of dye and the negatively charged 
adsorbent surface reduced the dye adsorption [5,40,41]. In 
addition, at alkaline pH conditions, OH– ions exist in high 

concentrations, which compete with RR198 and RB29 anionic 
dyes to occupy the active sites of the PRDW and ARDW sur-
faces [5]. Moreover, at acidic condition pH < pHpzc (pH < 6.7 
for ARDW and pH < 5.57 for PRDW), the surface is positively 
charged and thus, electrostatic attraction occurs between dye 
molecules and the adsorption sites, which tend to increase 
the adsorption percentages. However, at an equilibrium 
pH > pHpzc, the surface of both adsorbents is negative and 

(a)

(b)

Fig. 2. X-ray diffraction of PRDW (a) and ARDW (b) adsorbents.

(a)

(b)

Fig. 3. Influence of contact time (a) and pH (b) on the RR198 
and RB29 adsorption onto PRDW and ARDW adsorbents 
(experimental conditions: C0 = 25 mg/L, adsorbent dosage = 4 g/L, 
20 ± 1°C; a) pH = 4.0 and b) time = 60 min).
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subsequently the adsorption percentages of dyes dropped 
significantly, due to the electrostatic repulsion between 
negative surface charge and dyes molecule ions. With this 
background, as can be seen from Fig. 3(b), the adsorption 
efficiency of both dyes at acidic conditions (pH < 6.0–7.0) was 
higher than alkaline conditions. The optimum acidic pH has 
been observed for the reactive dyes adsorption on various 
adsorbents, as reported in the literatures [42,43]. Thus, pH 
3.0 was chosen as an optimum solution pH for the future 
adsorption experiments.

3.4. Effect of different concentrations of adsorbent and adsorbate

The effect of various adsorbent and adsorbate concentra-
tions on the adsorption efficiency and capacity was investi-
gated in the range of 0.5–6 g/L and 25–300 mg/L, respectively, 
when the contact time was set at 60 min and pH was 3.0. It 
was found that the adsorption efficiency of RR198 and RB29 
dyes under optimized conditions witnessed a significant 
drop with increasing the initial dye concentration from 25 to 
300 mg/L. This is, probably, due to the fixed number of active 
sites on the adsorbent surfaces vs. increasing the number of 
dye molecules [44,45]. These findings are in good agreement 
with those of previous studies for several sorbent-reactive 
dyes sorption processes [5,46,47]. Referring to Fig. 4(b), it 
can be seen that the dyes uptake was increased by enhancing 

the adsorbents dosage from 0.5 to 6 g/L. While, it is observed 
from Fig. 4(b) that the sorption capacity of both dyes showed 
a significant drop with increasing the amount of adsorbents 
from 0.5 to 6 g/L. The most possible reason of an increase in 
the adsorption efficiency would be a rise in the adsorption 
surface rate, and consequently broad access of dye molecules 
to the adsorption sites on adsorbent [36,48]. However, the 
split in the flux or the concentration gradient between solute 
concentration in the solution and the solute concentration 
in the surface of the adsorbent could be a probable reason 
for the decrease in the adsorption capacity with increasing 
adsorbent dosage [49,50]. According to Fig. 4(b), the insignif-
icant differences were observed in the removal efficiency of 
dyes when the adsorbents dosage increased from 4 to 6 g/L. 
So, the amount of 4 g/L was selected as an optimized dosage 
of the adsorbent for the adsorption process.

3.5. Adsorption modeling

3.5.1. Adsorption kinetic

The chemical kinetics are included in the investigations 
on how different experimental conditions can influence 
the speed of a chemical reaction. In the current study, three 
widely used kinetic models, including pseudo-first-order, 
pseudo-second-order and Weber–Morris intraparticle dif-
fusion were employed to find the best-fitted model for the 
experimental data. The linear equations and the related val-
ues of kinetic parameters regarding RR198 and RB29 adsorp-
tion onto PRDW and ARDW are given in Table 3.

Results implied that both the adsorption processes fol-
low pseudo-second-order model. The high values of the 
correlation coefficient (r2) of the pseudo-second-order 
model, compared with the other models, suggest that 
pseudo-second-order model provides a better fitting to 
the experimental data. The plots of the adsorption kinetics 
(Fig. S1), also, confirm that the experimental data of dyes 
adsorption onto the studied adsorbents are in agreement 
with pseudo-second-order model. Moreover, a good agree-
ment obtained when qe had been calculated according to 
pseudo-second-order model, while the calculated amount 
of qe derived from the pseudo-first-order model was not 
coherent with the experimental data. These observations 
demonstrate that both the adsorption processes can be bet-
ter described by pseudo-second-order model, indicating that 
the concentrations of both adsorbent and adsorbate were the 
rate-controlling step of the adsorption processes of RR198 
and RB29 dyes onto PRDW and ARDW [51].

3.5.2. Adsorption isotherm

Analysis of the equilibrium data is a critical point in 
designing adsorption systems [52]. Herein, Langmuir, 
Freundlich and Temkin models were applied to analyze the 
equilibrium data under the following experimental condi-
tions: pH 3.0, adsorbent dose 4 g/L, initial concentration in the 
range of 25–300 mg/L and 20 ± 1°C. Langmuir and Freundlich 
isotherms are based on the homogeneous and the heteroge-
neous adsorption of adsorbate onto the adsorbent surfaces, 
respectively [48]. The empirical Freundlich model is based 
upon the assumption of multi-layer formation of adsorbate 
on the heterogeneous solid surface of the adsorbent and 

(a)

(b)

Fig. 4. Influence of initial dye concentration (a) and adsorbent dose 
(b) on the RR198 and RB29 adsorption using PRDW and ARDW 
adsorbents (experimental conditions: time 60 min, pH = 3.0 and 
20 ± 1°C; a) adsorbent dosage = 4 g/L and b) C0 = 25 mg/L).
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assumes that the stronger binding sites are occupied first, 
and then the binding strength decreases with the rise in the 
degree of site occupation [5]. Temkin model considers the 
effects of some indirect adsorbate/adsorbent interactions on 
the adsorption isotherms. As a result of adsorbate/adsorbent 
interactions, the heat of adsorption of all molecules in the 
layer would decrease linearly with the coverage [53].

The fundamental properties of Langmuir isotherm can 
be explained in terms of dimensionless separation factor 
RL, (RL = 1/(1 + KLC0)). The RL > 1 values indicate unfavorable 
adsorption and for RL of 1 and 0, the adsorption is linear and 
irreversible, respectively [44,54].

Table 4 reports the equations of isotherm models and the 
related parameters applied for the study of RR198 and RB29 
adsorption onto the surfaces of PRDW and ARDW. Based on 
the table, all three isotherm models provide good correlation 
coefficients, r2, for the adsorption of RR198 and RB29 dyes. 
However, the values of r2 were larger than 0.98 for Langmuir 
isotherm model, indicating that this model could best fit the 
data of dyes adsorption onto PRDW and ARDW. It suggests 
that the homogeneous functional sites are distributed uni-
formly onto the surfaces of both adsorbents. Therefore, the 
uptake of dyes preferably follows the monolayer adsorption 
process [39]. Freundlich and Temkin models did not provide 
the significant correlation coefficients for the studied adsorp-
tion processes. This finding was, also, verified by a good 
agreement between the equilibrium data for the RR198 and 
RB29 adsorption experiments and the Langmuir equilibrium 
isotherm, as shown in Fig. S2. Previous studies have, also, 
reported that Langmuir isotherm was the best model for fit-
ting the experimental data of reactive dyes adsorption on the 
other adsorbents as well [5,41,55]. It is observed in Table 4 
that the values of RL were between 0 and 1 in the Langmuir 
model, confirming that RR198 and RB29 dyes have been 
desirably adsorbed on the PRDW and ARDW adsorbents [5]. 
Furthermore, the desirability of the adsorption processes has 
been confirmed by the Freundlich exponent (n), since its val-
ues were 1 < n < 10 for both adsorbents [51,56].

3.5.3. Comparison with the other adsorbents

Table 5 shows a comparison between the obtained 
adsorption capacities of the applied adsorbents in the present 
study with the other applied adsorbents for the adsorptive 
removal of reactive dyes in the other research. The maxi-
mum amounts of RR198 and RB29 uptake per unit mass of 

adsorbent were 19.23 and 20.45 mg/g for ARDW and 18.2 
and 19.9 for PRDW, respectively, based on Langmuir equi-
librium model. It can be concluded that PRDW and ARDW 
have good maximum adsorption capacities in comparison 
with the other adsorbents. Therefore, they can be used as 
effective and promising adsorbents to remove organic dyes.

3.6. Mechanism of RR198 and RB29 adsorption

Generally, the process of adsorption of adsorbate onto 
the adsorbent surfaces occurs through multi-step mechanism 
involving: (a) outer (external) film diffusion, (b) intraparticle 
mass transfer and (c) adsorbate sorption on active site (chem-
ical sorption) [63,64]. Since, the external film diffusion is 
resulted from the agitation of solution, the rate limiting step 
seems to be intraparticle diffusion and/or sorption on the 
active sites [63]. To deepen the understanding of this issue, 
we examined it, in terms of the intraparticle diffusion model, 
according to the following equation:

q k t Ct i= +id
0 5.  (3)

where, qt (mg/g) is the adsorption capacity at time t, 
kid (mg/g min0.5) is the constant rate of intraparticle diffusion, 
and Ci (mg/g) is relative to the thickness of the boundary layer. 
The kid value can be determined by the slope of the linear plot 
of qt vs. t0.5 (Fig. 5), which is directly related to the adsorption 
rate controlled by intraparticle diffusion. Having a closer look 
to Table 6, the values of regression coefficient for intraparticle 
diffusion model was lower than 0.83, demonstrating that the 
intraparticle diffusion was not the only rate-determining step 
[11]. Moreover, Ci values of both dyes were not equal to zero, 
suggesting that the effect of the other mechanisms (i.e., chem-
ical sorption or external mass transfer) had not been limited 
on the adsorption rate. These results also are confirmed by 
plots presented in Fig. 5, there curves did not pass through 
the origin [65]. Based on these results, it can be concluded 
that these two adsorbents have similar adsorption behaviors 
onto PRDW and ARDW.

3.7. Adsorption thermodynamic study

The thermodynamics of reactive dyes adsorption 
onto the adsorbents was investigated aiming to provide 
a deeper understanding of the process [39]. Herein, three 

Table 3
Pseudo-first-order and pseudo-second-order parameters calculated from the adsorption kinetics of RR198 and RB29 on ARDW and 
PRDW (experimental conditions: C0 = 25 mg/L, adsorbent dosage = 4 g/L, pH = 3.0 and T = 20 ± 1°C).

Adsorbent Pseudo-first-order Pseudo-second-order qe,exp

Eq: ln(qe – qt) = lnqe – kf t
Plot: ln(qe – qt) vs. t

Eq: t/qt = t/qe + 1/ks qe
2

Plot: t/qt vs. t
qe,Cal (mg/g) k1 (min–1) r2 qe,Cal (mg/g) k2 (g/mg.min) r2

ARDW RR198 6.05 0.91 0.9361 5.86 0.03 0.9991 5.62
RB29 6.52 0.1 0.9103 5.9 0.035 0.9993 5.72

PRDW RR198 3.55 0.04 0.9103 4.53 0.019 0.9967 4.25
RB29 3.68 0.045 0.9234 5.06 0.02 0.9973 4.62



M. Kermani et al. / Desalination and Water Treatment 80 (2017) 357–369364

main parameters, including changes in free energy (ΔG°), 
enthalpy (ΔH°) and entropy (ΔS°), were determined to study 
the adsorption thermodynamics. The relationship concern-
ing the thermodynamic parameters (ΔG°, ΔH° and ΔS°) is 
expressed, according to Eq. 4:

lnK S
R

H
RTd

o o

= −
∆ ∆  (4)

where, Kd (qe/Ce) is the distribution coefficient, qe is the amount 
of dye adsorbed at equilibrium (mg/g) and Ce is the equilib-
rium concentration of dye in the solution (mg/L); R is the 
universal gas constant (8.314 J/mol K) and T is the absolute 
temperature (K). The values of ΔH° and ΔS° can be calculated 
from the slope and intercept of Vant Hoff plots of lnKd vs. 1/T 
(Fig. 6), respectively.

The standard free energy (ΔG°) can be calculated via 
Eq. (5):

∆G RT Ko
d= − ln  (5)

The influence of temperature (in the range of 20°C–50°C) 
on the dye adsorption and their thermodynamic behavior 
of adsorption were investigated under optimum conditions. 
Results showed that when solution temperature increased 
from 20°C to 50°C, the adsorption percentages of dyes 
on both the adsorbents showed an enhancing trend. This 
phenomenon can be explained by increasing the mobility 
of dye followed by an increase in the effective interactions 
between the adsorbate molecules and adsorbent surfaces. 
This finding suggests that RR198 and RB29 adsorption onto 

the adsorbents may be a kinetically controlled process. The 
calculated values of the thermodynamic parameters are 
presented in Table 7. The negative values of ΔG° suggest 
that the studied adsorption processes were feasible and had 
a spontaneous nature [44]. The negative values of ΔG° have 
increased as a result of increasing temperature, illuminat-
ing that the adsorption of RR198 and RB29 onto PRDW and 
ARDW are more favorable at higher temperatures [38,48]. As 
given in the Table 7, ΔH° has positive values, indicating that 
the adsorption process was endothermic and also suggesting 
that there should be a strong chemical bond between the dye 
molecules and the adsorbent surface [39,48]. The positive val-
ues of ΔS° suggest an increase in the degree of freedom by the 
adsorbed species [5,51].

3.8. Reusability of adsorbents

Reusability of adsorbent is a critical factor in terms of 
economic and resource recovery perspectives. The adsorbent 
regeneration and desorption of RR198 and RB29 dyes loaded 
on PRDW and ARDW were performed for five consecutive 
adsorption–desorption cycles. Initially, the performance 
of dyes adsorption was investigated with an initial dyes 
concentration of 25 mg/L under the optimized conditions 
(pH 3.0, contact time of 60 min, adsorbent dose of 4 g/L and 
temperature of 50°C) for five consecutive cycles. After the 
equilibrium time of the adsorption, the adsorbents were 
collected from the solutions and dried in an oven at 80°C 
for 60 min. Desorption experiments were, then, carried out 
using 0.1 M HCl as a desorbing solution. Hence, 0.1 g of 
PRDW and ARDW loaded with dyes were added to 10 mL 
of 0.1 M HCl solution and agitated for 12 h at 200 rpm and 
25 ± 1°C.

Table 4
Langmuir, Freundlich and Temkin parameters calculated from the adsorption isotherms of RR198 and RB29 on ARDW and PRDW 
(experimental conditions: C0 = 25–300 mg/L, adsorbent dosage = 4 g/L, pH = 3.0, time = 60 min and T = 20 ± 1°C)

Isotherm models Adsorbent/adsorbate
ARDW PRDW
RR198 RB29 RR198 RB29

Langmuir isotherm
Ce/qe = Ce/q0 + 1/kLq0

q0 (mg/g) 19.23 20.45 18.2 19.9
KL (L/mg) 0.063 0.07 0.03 0.016
R2 0.9887 0.9922 0.9871 0.9912
RL 0.06–0.43 0.063–0.45 0.057–0.42 0.062–0.44

Freundlich isotherm
lnqe = lnkF + n–1 lnCe

kF (mg/g(L/mg))1/n 4.3 4.82 2.2 2.61
n 3.71 3.76 2.66 2.7
R2 0.9734 0.9845 0.9648 0.9617

Temkin isotherm
qe = B1 lnKT + B1 lnCe

KT 2.04 2.51 2.33 1.92
B1 2.92 3.03 3.44 3.75
R2 0.9457 0.9783 0.9837 0.9783
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The desorption percentage (%DE) was calculated using 
the ratio of the amount of desorbed to the adsorbed dyes, 
as follows:

%DE = Desorbed dye (mg)
Adsorbed dye (mg)

× 100  (6)

Table 5
Comparison of RR198 and RB29 maximum adsorption capacity onto different adsorbents reported in literatures

Adsorbent Dye Q0 Kinetic Isotherm Ref

Alumina/carbon nanotube Reactive Red 198 4.53 Pseudo-second-order Langmuir [57]
High lime fly ash Reactive Black 5 7.18 pseudo-second-order Freundlich [58]
Potamogeton crispus Reactive Red 198 44.2 Pseudo-second–order Langmuir [59]
PRDW Reactive Red 198 18.2 Pseudo-second-order Langmuir This study
ARDW Reactive Red 198 19.23 Pseudo-second-order Langmuir This study
Untreated alunite Reactive Blue 114 2.92 Pseudo-second-order Langmuir [60]
Anodonta shell Reactive green 12 0.436 pseudo-second-order Langmuir and Freundlich [61]
Untreated alunite Reactive Red 124 2.85 Pseudo-second-order Langmuir [60]
Cotton stalk Reactive Black 5 35.7 Pseudo–second-order Langmuir [62]
PRDW Reactive Blue 29 19.9 Pseudo-second-order Langmuir This study
ARDW Reactive Blue 29 20.45 Pseudo-second-order Langmuir This study

(a) (b)

Fig. 5. Intraparticle diffusion plots for the adsorption of RR198 and RB29 on PRDW (a) and ARDW (b) at C0 = 25 mg/L, adsorbent 
dosage = 4 g/L, pH = 3.0 and 20 ± 1°C.

Table 6
Intraparticle diffusion parameters calculated from the adsorption 
of RR198 and RB29 on ARDW and PRDW

Adsorbent Dye Intraparticle diffusion
Eq: qt = kid t0.5 + Ci

Plot: qt vs. t0.5

kid Ci R2

PRDW RR198 0.315 1.01 0.8307
RB29 0.326 1.32 0.787

ARDW RR198 0.387 1.81 0.718
RB29 0.382 1.97 0.692

 Fig. 6. Influence of temperature on the RR198 and RB29 
adsorption by PRDW and ARDW adsorbents (experimental 
conditions: C0 = 25 mg/L, time = 60 min, pH = 3.0 and adsorbent 
dosage = 4 g/L).
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According to Fig. 7, no significant changes were 
observed in the reusability of adsorbents after five 
adsorption–desorption cycles. In the case of PRDW, the 
adsorption percentage of RR198 and RB29 dyes showed a 
slight decrease from 68.5% to 46.5% and 74.1% to 53.1%, 
respectively, after five cycles. Similar results were, also, 
observed for the adsorption of both dyes on ARDW when 
the application of ARDW slightly declined, the adsorption 
percentage of RR198 and RB29 dyes from 88.8% to 61.0% and 
91.3% to 66.1%, respectively, after five cycles. These exhibit 

that both PRDW and ARDW adsorbents can be recycled 
and reused for a maximum of five successive cycles with an 
adsorption efficiency >46.0%. Additionally, it was observed 
that the desorption percentages of dyes from ARDW surface 
in the presence of HCl were higher than that from PRDW. 
The high desorption percentage may be due to the proton-
ation of surface adsorbent with acidic agent. Hence, ARDW 
may be utilized as an economical and effective adsorbent 
for reactive dyes removal from aqueous solutions in indus-
trial applications based on simple and easy regeneration.

Table 7
Thermodynamic parameters of RR198 and RB29 adsorption on the PRDW and ARDW

Adsorbent Dye ΔG° (kJ/mol) ΔH° (kJ/mol) ΔS° (kJ/mol K)
T = 20 T = 30 T = 40 T = 50

PRDW RR198 –0.91 –1.01 –1.17 –1.54 7.54 0.021
RB29 –3.09 –3.2 –3.3 –3.41 10.5 0.32

ARDW RR198 –1.17 –2.33 –3.3 –4.4 24.9 0.09
RB29 –2.25 –3.18 –4.4 –5.61 30.96 0.113

Fig. 7. Adsorption/desorption cycles of RR198 (a) and RB29 (b) by applying PRDW. Also, adsorption/desorption cycles of RR198 
(c) and RB29 (d) by applying ARDW (experimental conditions: C0 = 25 mg/L, time = 60 min, pH = 3.0 and adsorbent dosage = 4 g/L 
and 50 ± 1°C).
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4. Conclusion

In this paper, the powder and ash derived from RDW 
were used as two low-cost adsorbents for the removal of 
RR198 and RB29 dyes from aqueous solution. The obtained 
results of the adsorption experiments exhibited that the 
removal of dyes is a pH-dependent process and the best 
removal efficiency was obtained at acidic conditions for 
both dyes. The kinetics of the adsorption process was found 
to follow the pseudo-second-order model. The equilibrium 
adsorption data of RR198 and RB29 on both adsorbents fitted 
better with the Langmuir isotherm model than the other iso-
therm models (i.e., Freundlich and Temkin), indicating that 
the adsorption of dyes onto PRDW and ARDW was a mono-
layer adsorption. Furthermore, results revealed that ARDW, 
compared with PRDW, provided better adsorption and 
desorption efficiency for both dyes. Thermodynamic studies 
showed that all the studied adsorption processes were feasi-
ble, spontaneous and endothermic in nature. In conclusion, 
PRDW and ARDW derived from RDW can be applied as 
effective adsorbents for reactive dyes removal from an aque-
ous solution, due to feasible and cost-effective production 
and excellent adsorption capacity.
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Supplementary material

Fig. S2. Langmuir plots of the adsorption of RR198 and RB29 
onto PRDW and ARDW adsorbents.

Fig. S1. Pseudo-second-order plots of the adsorption of RR198 
and RB29 onto PRDW and ARDW adsorbents.


