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Introduction                                                                        

Deterioration of the natural resources is the 
major threat to the ecosystem. The development 
in agriculture, medicine, energy sources, and 
all chemical industries is necessary to fulfill 
the needs and demands of the overgrowing 
human population. One of the most polluting 
industries is dyes production and its application 
for many products. The most dyes are inert 
and nontoxic at the concentration discharged 
into the receiving water. Dyes are usually 
stable to photodegradation, biodegradation, 
and oxidizing agents [1]. Color removal from 
effluents is a major environmental problem 
because of difficulty of treating such streams by 
conventional physicochemical and biological 
treatment methods [2]. Various physical, 

chemical and biological methods were used for 
treating dye wastewater [3]. These methods have 
some drawbacks such as, being economically 
unfeasible; incompetent to treat the complex 
organic dyes and metabolites because of the color 
fastness; stability and the resistance of dyes to 
degradation; considerably raising the economic 
value of the treatments with complex processes 
[4-7]. By reviewing the available literature, it 
was found that, the advantages of adsorption 
when compared to the other available wastewater 
treatment methods are as follows: requirement of 
less land area, comparatively lesser sensitivity to 
daylight variation, less impact of toxic chemicals 
on the system, flexible design, operation and 
superior removal of organic contaminants [8,9]. 
Conventional industries use activated carbon as 

ACID red 73 dye is a colorant dyes is using in many dyeing processes and may causes many 
harmful effects to aquatic life with lasting effects. So, it must be removed from aquatic 

environment, one of the most useful methods is the using of plants biomass in its removal. 
Therefore, both of raw andacid activated (with HCl) Calotropis procera fruits (CPF) was used 
for the adsorption of Acid red 73 (AR73) dye from an aqueous solution.Various parameters 
(including dye concentration,contact time, dose, temperature, and pH) were optimized to obtain 
the maximum adsorption capacity.Surface morphology and surface functional groups of both 
raw and modified CPF samples were investigated by scanning electron microscope (SEM) and 
fourier transformation infrared (FTIR). Among the adsorbents, HCl-CPF had more adsorption 
capacity (65%) than CPF (22.4%) at an initial concentration of 20 mg/L and at 30°C.The 
thermodynamic parameters, such as the changes in enthalpy (ΔH°), entropy (ΔS°), and Gibbs 
free energy (ΔG°), showed that the adsorption is exothermic, random and nonspontaneous at 
high temperatures.

Keywords: Adsorption, Acid Red 73, Calotropis procera fruits, Langmuir isotherm.



3218

Egypt.J.Chem. 63, No.9 (2020)

HassaN aHmed eL-adawy, aBdULaZIZ aLI aLOmaRI

adsorbents for wastewater treatment. Because of 
its high cost that are in the range of approximately 
2.0 to 4.0 US dollar/kg [10], researchers around 
all the world are in search for an efficient, and 
readily available and low cost adsorbent [11-18]. 
Many of them succeeded in their endeavor, and 
found many of low cost adsorbents. In the last 
few decades, a lot of researches has been carried 
out on finding low cost adsorbents and the search 
is still going on. The major drawbacks of their 
low cost adsorbents are low adsorption capacity 
and high adsorbent dosage for complete color 
removal.

Calotropis procera is a wild growing plant 
of family ‘Asclepiadaceae’ is well known for its 
medical properties. The dried leaves were used 
as an expectorant and anti-inflammatory, for the 
treatment of paralysis, ulcers and rheumatic pains 
[19]. It grows in most parts of the world in dry, 
sandy, alkaline soils and warm climate. 

The current study objective is to compare 
the adsorptive effects of raw and acid modified 
Calotropis procera fruits as a new low-cost and 
effective adsorbent from an agricultural waste to 

remove acid red 73 dye from aqueous solution. 

Material and Methods                                                       

Preparation of Adsorbent
Calotropis procera  fruits (CPF), Fig. 1 were 

collected from AL-Mukhwah governorate, AL-
Baha, KSA in the summer season. The spongy 
fruit part of plant was cut and washed by tap 
water to remove dust and other impurities. The 
washed fruits then dried in sun light for 7 days 
and ground to fine powder, and then divided to 
two parts. One part of the powder is used as it is 
and another part of CPF is activated by soaking 
in 1% HCl for 24 h. The acid treated part was 
washed several times by distilled H2O tell be 
neutral, then dried in an oven at 105oC for 3h and 
used for adsorption study.

Preparation of Adsorbate
The AR73 dye (molecular weight: 656.5 g/

mol., λmax: 545 nm, CI 27290, chemical formula 
C22 H14 N4 Na2 O7 S2) was obtained from Merck 
and used without purifications, their chemical 
structure is illustrated in Fig. 2. A calculated 
amount of the dye (500 mg/L) was dissolved 
separately in 1.0 L of distilled water to prepare 
stock solutions. For batch study, an aqueous 
solution of this dye was prepared from stock 

Fig. 2. Chemical structure of acid red 73 dye (AR73).

                       (a) Raw CPF                                           (b) Dried CPF                                           (c) Ground CPF
Fig. 1. Calotropes procera fruits: (a) raw, (b) dried, and (c) ground .
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solutions in distilled water. To adjust the pH, 
solutions of 1%HCl and 1%NaOH were used.  

Characterization of Adsorbent      
SEM

The scanning electron microscope (SEM) 
observation were carried out with, SEM Model 
Quanta 250 FEG (Field Emission Gun) attached 
with EDX Unit (Energy Dispersive X-ray 
Analyses), with accelerating voltage 30 K.V., 
magnification 14x up to 1000000 and resolution 
for Gun.1nm). The SEM technique was employed 
to observe the surface physical morphology of 
raw and activated CPF.

FTIR
The surface functional groups of the raw and 

activated CPF were measured by FTIR (Perkin 
Elmer, model II) where the obtained spectra were 
recorded in the range 4000-400 cm-1  to elucidate 
the functional groups presenting in adsorbents 
before and after activation.

Batch Mode Adsorption Experiments
The adsorption experiments were carried out 

by agitating 0.06 mg adsorbent with 20 mL of 
dye solutions of 5.0 to 20 mg/Lconcentration at 
600 rpm. The mixture was withdrawn at specified 
intervals, filtered, and unadsorbed supernatant 
liquid was analyzed for the residual dye 
concentration using (UV-Vis Spectrophotometer 
at λ max of 545 nm. The effect of pH was studied 
by using 1.0 % diluted HCl and NaOH solutions. 
The effect of temperature was studied at three 
different temperatures (30, 40 and 50°C). 
The effects of each parameter (initial dye 
concentration, pH, agitation time) were evaluated 
in an experiment by varying that parameter, while 
other parameters are maintained as constant.

Adsorption Equilibrium Study     
Langmuir and Freundlich are two adsorption 

isotherm models were adapted to fit the data 
obtained from the study on the effect of the initial 
dye concentration in order to understand the 
mechanism of adsorption of AR73 dye onto the 
adsorbents. The maximum adsorption capacity 
of the adsorbent could be determined from 
the adsorption isotherm studies. This analysis 
provides a clear view of the efficiency of the 
adsorption of AR73 dye onto the adsorbents and 
also to estimate the economic viability of the 
adsorbents for commercial applications. 

Langmuir Adsorption Isotherm
The theoretical Langmuir adsorption 

isotherm is based on three assumptions, namely: 

Equivalent active sites present on the surface 
of the adsorbent, and can adsorb minimum one 
atom; the adsorption of the adsorbate molecules 
at a given site does not depend on the adsorption 
of other adsorbate molecules onto theneighboring 
active sites, and adsorption of the molecules 
follows a monolayer trend [20, 21]. The 
Langmuir isotherm model [22] can be expressed 
as the following equation: (eq. 1):

Where qe is the amount of dye adsorbed on 
the adsorbent at equilibrium (mg/g); Ce is the 
concentration of dye at equilibrium (mg/L);qm 
is the maximal amount of dye adsorbed onto the 
adsorbents (mg/g). The essential characteristic 
of the Langmuir isotherm can be evidenced by 
the dimensionless constant called equilibrium 
parameter, RL (2).

I
Where KL is the Langmuir constant of adsorption 
(L/mg) and Co is the initial AR73dye concentration. 
RL values indicate the type of isotherm to be 
irreversible (RL= 0), favorable (0 < RL< 1), linear 
(RL= 1) or unfavorable (RL> 1) [23].

Freundlich Adsorption Isotherm
The assumptions of this model are: adsorption 

occurs on heterogeneous surfaces with an 
interface between the adsorbed molecules, and 
the adsorption energy exponentially decreases, 
on sustaining the adsorption centers of the given 
adsorbent.

The Freundlich model equation is 
conveniently used in the linear form as[24]:

qe = kFCe
1/n                                                  (3)

A linear form of this expression is :

lnqe = lnkF + 1/n lnCe                                  (4)

1/n and kF (mg/g) are empirical Freundlich 
constants and indicate adsorption capacity 
and intensity, respectively. Their values were 
obtained from the intercepts (lnkF) and slopes 
(1/n) of linear plots of lnqe versus lnCe.

Theory and Formulation
The percentage of adsorption can be 

calculated as:
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Where Co and Ce are the initial and final 
concentrations of AR73 dye, before and after 
contact. The equilibrium adsorption capacities 
can be expressed as follows: 

Where V and W are the aqueous solution volume 
and the adsorbent weight, respectively.

Thermodynamics of Adsorption
Thermodynamic parameters provide in-

depth information of inherent energetic changes 
associated with adsorption; therefore, these 
parameters should be accurately evaluated.

Langmuir isotherm equation was applied 
to calculate the thermodynamic parameters as 
follows :

Where kL is the Langmuir equilibrium constant, 
ΔHº,  ΔGº  and  ΔSº  are the standard enthalpy, 
Gibbs free energy and entropy changes of 
adsorption respectively. Thermodynamic 
parameters like ΔHº, ΔSº and ΔGº were 
determined from the slope and intercept of Van’t 
Hoff’s plot of ln kL versus 1/T and the results are 
given in Table 4. 

Results and Discussions                                                   

SEM Analyses
The SEM images shows the morphology of 

the absorbent, (CPF and HCl-CPF), in Fig. 3 (a) 
and (b) respectively. Results of the SEM study 
showed that, HCl-CPF was porous with well-
developed pores. Raw CPF was characterized 
by a highly oriented structure in the form of 
filaments filled with material, conferring an 
anisotropic character to the adsorbent plant. The 
treatment with acid leading to eliminate of this 
anisotropy. Hydrochloric acid firstly, cleans the 
filaments, thereby eliminating Calotropis procera 
fruits anisotropy and leaving empty channels. 
Then, it reacts with the CPF components, thereby 
preserving a honeycomb structure. Based on this 
observation, it is clearly evident that the HCl-
CPF has an adequate morphology for AR73 
adsorption.

 (a): The SEM image of CPF  (b): The SEM image of HCl-CPF

Fig. 3 SEM of raw (a) and acid activated (b) Calotropesprocera fruits.
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FTIR Analysis
The IR spectra of raw and acid modified 

CPF are shown in (Fig. 4a and 4b). Fig. 4a 
exhibited broad bands at 3433.60 cm-1, due to the 
stretching of OH groups.  A greater number of 
OH groups on the glucose units of the cellulose 
polymers broadened the peak. The absorption 
bands at 2924.09 and 2862.36 cm- 1 are due to 
a contribution from C-H stretching. The peak 
at 1519.91 to 1635.64 cm-1 was assigned to the 

C=O bonds, while the band at 1429.96 cm-1 and 
1319.14 cm-1 are assigned to –CH2 scissoring 
and –OH bending vibration, respectively. The 
strong band observed at 1103.28 cm- 1 indicated 
the stretching of many C-OH and C-O-C bonds. 
The strong band between 532.35 and 601.79 cm- 1 
shows the presence of the C-X group. The bands 
in Fig. 4b are the same that of Fig.4a except, the 
shift of C-X group bands due to HCl effect.

Fig. 4a. The IR spectrum of CPF.

Fig. 4b. The IR spectrum of HCl-CPF.
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Effect of pH          
The study of pH effect on dyes adsorption 

seems essential as it could affect the surface 
charge of adsorbent and molecular structures of 
the adsorbate [25]. Removal of AR73 solutions 
was made at a pH ranging between 3 and 11 by 
CPF and HCl-CPF with a fixed adsorbent mass 
and temperature. The obtained results are given in 
Fig.5. The percent removal of AR73 dye on CPF 
and HCl-CPF surfaces was found to be 93% and 
95.5% respectively at pH less than 4.0. At pH 3, 
positively charged surface sites on the adsorbent 
favor the adsorption of dye anions due to the 
electrostatic attraction, so the adsorption capacity 
in case of HCl-CPF is better than CPF due to 
excess positive sites arise from acid activation. 
Lower adsorption capacity noticed gradually of 
both adsorbent with decrease of pH, due to the 
presence of OH- ions excess, which competes 
with the dye anions for the adsorbent active sites. 
As the pH of the system increases, the number of 

positively charged sites decreases and the number 
of negatively charged sites increases [26]. 

Effect of Adsorbent Mass
The effect of adsorbent dose is the parameter 

most commonly used to evaluate the adsorption, 
which was also easily controlled during the 
adsorption process of waste water treatment. 
Solution of 20 ml of concentration 20 mg/l 
was used to test the effect of CPF and HCl-
CPF masses. Different doses of both adsorbent 
(between 1.0 g and 5.0 g) were separately 
introduced at a fixed temperature and pH. The 
removal percentages of AR73 as a function of 
adsorbent mass were illustrated in Fig.6. We 
noted that an increase in the adsorbent mass from 
1.0 g to 5.0 g increased the colour removal from 
93% to 94.5% for CPF and from 95% to 95.6% 
for HCl-CPF, to achieve the best efficiency.Thus, 
the number of adsorption sites was proportional 
to the adsorbent amount [27, 28].

Fig. 5. Effect of system pH on AR73 adsorption by CPF and HCl-CPF.

Fig. 6. Effect of adsorbent mass on AR73 adsorption by CPF and HCl-CPF.
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Effect of Temperature       
Various textile dye effluents are produced 

at relatively high temperatures. Also, the 
temperature of the aqueous solution has a driving 
effect on the adsorption process. Therefore, to 
distinguish the exothermic or endothermic nature 
of the adsorption process, the experiments were 
carried out at different temperatures ranges of 
30 to 60°C and the date is displayed in Fig. 7. 
The data of adsorption of AR73 by CPF and 
HCl-CPF respectively showed significant high 
dye removal for both CPF and HCl-CPF at low 
temperature compared with that adsorbed at high 
temperature range. The percentage removal of 
AR73 decreased from 95.0 % to 93.9 % on CPF 
and 95.52 % to 94.2 % on HCl-CPF respectively 
on increasing the temperature from 303 to 333ok. 
This suggests that the adsorption of AR73 dye on 
given adsorbents is an exothermic process. The 
percentage removal of the HCl-CPF was also 
higher compared to that of the ordinary CPF which 
showed that the HCl-CPF possessed more energy 
required for adsorption. Other wise, the decrease 
in adsorption with increasing temperatures 
suggests weak adsorption interactions between 
adsorbent surfaces and the dye molecules.

Effect of Initial Concentration 
The initial dye concentration was found to 

play significant roles in the process of removal of 
dyes from water and wastewater by adsorption at 
a particular temperature and pH. Concentrations 
from 5.0 to 20 mg/L at 298 k and pH 3.0 were 
considered. Fig. 8 shows that the adsorption 
percentage of CPF & HCl-CPF improved 
from 78 to 88 % and from 80 to 93.4 % for the 
CPF and HCl-CPF adsorbents, respectively, 
when the initial AR73 dye concentration was 
increased from 5.0 to 15 mg/L. However, HCl-
CPF displayed a very high adsorption capacity 
of 94.5 % at an initial dye concentration of 20 
mg/ L (compared to 90 % for CPF), this could be 
because of the large surface area of HCl-CPF due 
to activation by acid. The adsorption capacity of 
AR73 dye on both adsorbent surfaces is increase 
slightly after dye concentration of 15 mg/L. 
This attributed to that the more concentrated the 
solution or effluent, the smaller is the volume 
of effluent that a given mass of adsorbent can 
purify. In high concentration range, the fractional 
adsorption is low [29]. 

Fig. 7. Effect of temperature on AR73 adsorption by CPF and HCl-CPF.
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Effect of Contact Time
The variation of AR73 dye adsorption 

percentage with contact time on the CPF & HCl-
CPF is shown in Fig. 9. It is evident that both 
the adsorbents are efficient to adsorb AR73 with 
different efficiencies. It was observed that dye 
uptake is rapid for the first 15 min and 10 min 
for CPF & HCl-CPF respectively; thereafter 
it proceeds at a slower rate and finally attains 
saturation. The highest dye uptake during few min 
confirms that dye molecules quickly occupy all 
of the vacant sites, and the adsorption process is 
reduced with time [30]. After the aforementioned 
contact time, no additional dye uptake occurs 
because the dye molecules compete with each 
other for adsorption sites and there are fewer 
available binding sites [31].

Adsorption isotherms
In this study, Langmuir and Freundlich 

isotherms were investigated. The parameters 
of both isotherms are presentedin Table (1) 
which indicates that the equilibrium data for 
the adsorption processes by CPF and HCl-CPF 
suitable well with Langmuir and Freundlich 
adsorption models, respectively. It can be seen 
in Fig. 10 that the Langmuir plot is a better fit 
of the experimental data compared to Freundlich 
plot (Fig.11) for both the adsorbents. The AR73 
adsorption capacity on HCl-CPF was 65 mg/g 
at 25°C, whereas that of CPF was only 22.4 
mg/g adsorbent under the same conditions. The 
magnitude of the exponent ‘n’ gives an indication 
of the favorability and KF the capacity of the 
adsorbent / adsorbate system. The ‘n’ values 
(1.23 for CPF and 1.5 for HCl-CPF) between 
1 and 10  indicate  beneficial  adsorption [32]. 

Fig.  8.  Effect of concentration on AR73 adsorption by CPF and HCl-CPF.

Table 2 shows RL values between zero and one, 
which indicate favorable adsorption [33].

Thermodynamic Studies       
Thermodynamic parameters were determined 

to further evaluate the temperature effect on the 
capacity of CPF and HCl-CPF for the adsorption 
of AR73 dye (Table 2). The values of ΔH and 
ΔS for the CPF and HCl-CPF adsorbents were 
calculated as -9.20 kJ/mol and 0.08 kJ/mol, 
for CPF and -9.44 kJ/mol and 0.09 kJ/mol for 
HCl-CPF respectively. The negative values of 
ΔH showed that AR73 adsorption onto both 
adsorbents were exothermic, while the positive 
ΔS values confirmed the increased randomness 
at the solid–solution interface. The ΔG (Gibbs 
free energy change, kJ/mol) values were negative 
at all temperatures, which showed that the 
adsorption of AR73 dye onto CPF and HCl-CPF 
is spontaneous in the forward direction (Table 2). 

Comparison Study of Adsorption of AR73 on 
Different Adsorbent Surfaces

The adsorption capacities of various adsorbents 
used for AR73 removal were compared with 
present study and data showed in Table 3. From 
the Table 3, it is very clear that the capacities of 
adsorbents for adsorbing AR73 are in a wide range. 
It is vary from 1.25 to 728.2 mg/g. The adsorption 
capacities of CPF and HCl-CPF are very less 
compared to chitosan. Otherwise, the adsorption 
capacity of HCl-CPF for AR73 is comparable 
with chitosan nano particles, Partheniumhy 
sterophorus L, Magnetic nanoparticles Fe3O4, 
copper diethyldithiocarbamate (Cu(DDTC) 2), and 
HCl-water hyacinth stems (HCl-WHS). 
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Fig. 9.  Effect of contact time on AR73 adsorption by CPF and HCl-CPF.

Fig. 10. Langmuir isotherm model of AR73 dye adsorption by CPF and HCl-CPF.

Fig. 11. Freundlichisotherm modelof AR73 dye adsorption by CPF and HCl-CPF.
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Conclusions                                                                      

This study was carried out on raw and acid 
activated fruits of Calotropis procera  plant and 
showed that :
1. The Calotropis procera  friuts, either raw or 

modified, can be successfully used for the 
removal of the acid red 73 dye from aqueous 
solutions. 

2. The treatment of raw Calotropis procera  
friuts with HCl modify its composition and 
behavior. The modified Calotropis procera  
friuts show higher uptake of studied dye as 
compared with the raw fruits. 

TABLE 1. Isotherm modelsconstants for the adsorption ofAR73 dye onto CPF and HCl-CPF surfaces.

Adsorbents Langmuir isotherm constants Freundlich isotherm constants

qm (mg/g) b (L/ mg) R2 RL kF n R2

CPF 22.4 0.3 0.987 0.12 0.85 1.23 0.972

HCl-CPF 65 0.09 0.998 0.34 1.48 1.5 1

TABLE 2. Thermodynamic parameters for adsorption of AR73 onto CPF and HCl-CPF surfaces.

adsorbents adsorbate ΔH° (KJ.mol-1) ΔS° (KJ.mol-1) ΔG° (KJ.mol-1)

303K 313K 323K

CPF
HCl-CPF

AR73 -9.206

-9.441

0.0820

0.0911

-11.68

-12.16

-11.73

-12.34

-11.89

-12.43

TABLE 3. Comparison of the maximum adsorption capacities of AR73 on various adsorbents based on Langmuir 
model.

Adsorbents Adsorption  capacities 
(mg/g) References

chitosan nano particles 1.25 [33]

Partheniumhysterophorus L 2.86 [29]

Magnetic nanoparticles Fe3O4 40.1 [30]

copper diethyldithiocarbamate 
(Cu(DDTC) 2)

 42.9 [31]

HCl-water hyacinth stems 
(HCl-WHS)

50 [34]

CPF &HCl-CPF 22.4 & 65 THIS STUY

chitosan 728.2 [32]

4. The changes in the characteristics of the 
modified Calotropis procera  friuts were 
verified by FTIR and SEM. 

5. Isotherm studies also confirmed that modified 
Calotropis procera  fruits is a suitable 
adsorbent for effluents treatment, that 
containing AR73 dye.
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