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Abstract. Eco-friendly adsorbents were prepared from coastal plant, C. equisetifolia seeds treated with β-cyclodextrin 
(Rhusorbent) for the removal of dyes. The study was carried out to determine the effectiveness of Rhusorbent to 
remove common dyes such as malachite green (MG) and neutral red (NR) dyes from aqueous solutions in batch 
experiments. The commercial activated carbon (AC) was also used in this equilibrium absorption study which 
includes the effect of adsorbent dosage, initial dye concentration and contact time. The percentage of MG dye 
removal of about 92.4% and 88.4% was achieved for both Rhusorbent and AC respectively at concentration of 
60mg/L and 0.4g absorbent. The equilibrium adsorption of about 91.1% and 79.1% was achieved for both Rhusorbent 
and AC respectively involving NR dye. The scanning electron micrographs of Rhusorbent show uneven and rough 
surface prompting evidence for the effective adsorption of MG and NR dyes on the surface of adsorbents. For both 
adsorption studies, Langmuir and Freundlich isotherm models fitted well the adsorption data involving both 
Rhusorbent and AC. C. equisetifolia seeds are a potential source for bio-inspired adsorbents for the removal of MG 
and NR dyes.  

1 Introduction  
Water has become increasingly important for both 
agricultural and industrial sectors as well as for daily use. 
But today, the point and non-point sources of water 
pollution are contaminating our valuable water resources. 
Water pollution is a global problem that has led to 
interests in pollution control. On the positive side, dyes 
can give beautiful color to various products, and therefore 
they are widely used in many fields such as textiles, 
paper, plastic, food, painting, and medicine [1]. However, 
the release of effluent dyes into the ecosystem is a 
dramatic source of aesthetic pollution and of 
perturbations in aquatic life. Most synthetic dyes are 
toxic and can bring about serious water pollution, destroy 
community structure of aquatic organisms, and further 
become a hazard to all mankind. Since the removal of 
dyes from wastewater is considered an environmental 
challenge and government legislation requires textile 
wastewater to be treated, therefore there is a constant 
need to have an effective process that can efficiently 
remove these dyes [2]. 
 

Adsorption being a physical process, in-expensive and 
less time consuming, is widely accepted [3]. Adsorption 
onto activated carbon is widely practiced for removal of 
dissolved dyes from wastewater. However, adsorbent-
grade activated carbon is cost-prohibitive. So it is 
necessary to seek some alternative low-cost adsorbents to 

activated carbon. The plant waste from C. equisetifolia 
plant seeds has been chosen as an adsorbent due to its 
vast availability since its seeds is abundant in nature, plus 
the fact that it is non-toxic, environmental friendly, 
biodegradable and cheap raw materials. 

2 Methodology 

2.1 Preparation of Adsorbent 

C. equisetifolia plant seeds were washed with distilled 
water to eliminate dust, sand impurities and other 
unwanted chemicals. Then, the seeds were dried in an 
oven at the temperature of 70 ̊C for a period of 24 hours.  
The seeds were ground with a crusher and sieved into 
small particles with an average size ranging between 2.0 
and 3.0 mm. Then ground seeds were treated with 0.01M 

-cyclodextrin for 24 hour. Then the -cyclodextrin-
treated seeds were washed with water and dried in oven 
at temperature of 70 ̊C for a period of 24 hours to produce 
Rhusorbent.  Activated carbon (AC) with similar size 
range was heated at 70 ̊C for 5 hours prior to adsorption 
test.  Surface morphology of RhuSorbent and AC was 
investigated using scanning electron microscope. 

2.2 Batch Adsorption Studies 
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In each batch, adsorption test was carried out in a 250 ml 
conical flask in which the MG and NR dyes initial 
concentrations were fixed at 100 ml with different 
concentrations. After that, Rhusorbent of 0.4g was added 
into the solution. The effect of contact time on the 
adsorption process was examined.

The mixed solution was stirred on the rotary shaker at 
rotation speed of 250 rpm at the room temperature. Then, 
the residual concentration was determined using 
absorbance values measured before and after the 
adsorption by UV-Visible spectrophotometer (UV-Vis) at 
wavelength of the dye solutions. UV-Vis scans were 
taken at 30, 60, 90, 120, 150, 180, 210 and 240 min. The 
MG and NR dyes removal percentage was calculated 
based on the following equation: 

Dye Removal % = (C0 – Ci)/C0 × 100              (1) 

where, C0 and Ci (mg/L) are the initial and final dye 
concentrations respectively. The average dye removal 
percentage was calculated based on three replicates. 

3 Results and Discussion 

3.1 Morphological characterization of adsorbent 

Figs. 1(a) and 1(b) show the scanning electron 
micrographs of Rhusorbent and AC. While the surface 
morphology of the AC does show rough surface, the 
micrograph of Rhusorbent also indicates rough surface 
and caves-like and more uneven surface. The presence of 
rough and irregular surfaces of -cyclodextrin-treated 
Rhusorbent in this case may be associated with the 
breaking of the covalent bond and the hydroxyl group 
present in the cellulose or lignin of fibers [4]. The rough 
surface may also be formed due to the removal of 
hemicelluloses, lignin and cellulosic constituents after 
treatment [5, 6]. As a result, more reactive hydroxyl 
group exposed on the fibers surface contributing to rough 
surface. The presence of cracks on the plant seed surface 
may be due to the reaction between acetyl groups with 
the fibers hydroxyl groups and thus the molecular 
orientation of the cellulose backbone was changed. As a 
result, the fiber becomes rougher and stiffer in character. 
This reduces the hydrophilicity of the fiber [7].

(a)                                       (b) 
Figure 1. Morphology of (a) Rhusorbent  and (b) activated 
carbon 

3.2. Batch Adsorption Studies 

 Table 1 and Table 2 show the percentage of MG dye 
removal at different initial dye concentrations for 
Rhusorbent and AC. The equilibrium adsorption of MG 
onto both Rhusorbent and AC was achieved within 240 
min at various initial MG dye concentrations.  Table 3 
and 4 are the results of NR dye removal at different initial 
dye concentration versus time shows a similar trend to 
that of MG dye removal. Both percentage of MG and NR 
dyes removal decreased as the initial dye concentration 
increased as higher dye concentration lowers adsorption 
due to the saturation of adsorption sites. 
 
Table 1. Percentage of MG removal for Rhusorbent treated 
with β-cyclodextrin 

Time
(min)

Percentage of MG Removal (%)
60

mg/L
100

mg/L
200

mg/L
300

mg/L
400

mg/L
30 56.62 53.44 21.29 20.90 21.13
60 68.21 55.11 27.08 22.01 28.53
90 71.39 58.08 33.43 22.92 33.29

120 76.15 68.99 39.70 24.70 33.80
150 79.47 72.42 53.66 38.43 34.39
180 89.09 80.63 69.27 41.69 34.82
210 91.41 84.99 69.82 42.93 34.98
240 92.39 85.58 70.29 43.91 35.57

Table 2. Percentage of MG removal for activated carbon 

Time
(min)

Percentage of MG Removal (%)
60

mg/L
100

mg/L
200

mg/L
300

mg/L
400

mg/L
30 64.26 66.44 28.96 26.96 13.61
60 72.72 67.46 24.31 30.48 14.08
90 75.78 78.31 39.44 30.97 16.42

120 77.79 82.36 45.52 41.63 19.11
150 83.56 86.41 54.42 45.37 19.91
180 85.27 85.91 71.59 45.18 20.09
210 87.62 86.16 73.13 45.35 19.96
240 88.38 86.59 73.29 45.09 20.03

Table 3. Percentage of NR removal for Rhusorbent treated with 
β-cyclodextrin 

Time
(min)

Percentage of NR Removal (%)
60

mg/L
100

mg/L
200

mg/L
300

mg/L
400

mg/L
30 51.18 37.45 20.56 20.90 19.26
60 64.00 45.82 24.42 22.01 23.11
90 81.76 72.19 30.41 22.92 27.08

120 88.81 83.27 35.28 24.70 29.64
150 90.29 85.48 38.29 38.43 31.55
180 90.31 85.51 41.81 41.69 35.94
210 90.79 86.23 42.47 42.93 36.54
240 91.10 86.69 42.67 43.91 37.09

At the lowest initial dye concentration (60 mg/L), it is 
observed that the percentage of MG dye removal for 
Rhusorbent and AC at 240 min was about 92.4% and 
88.4% respectively. At the highest initial dye 
concentration (400 mg/L), the percentage of MG dye 
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removal using Rhusorbent at 240 min was higher than 
that of AC. The equilibrium adsorption of MG dye for 
Rhusorbent and AC was 35.6% and 20.0% respectively. 
The removal percentage of NR dye using RhuSorbent 
was better that that of AC at all initial dye concentrations. 
At the lowest initial dye concentration (60 mg/L), the 
percentage of NR dye removal using Rhusorbent and AC 
at 240 min was 91.1% and 79.1% respectively. 
Meanwhile, at the highest initial dye concentration (400 
mg/L), the percentage of NR dye removal using 
Rhusorbent and AC at 240 min was 37.1% and 24.6%, 
respectively. The adsorption for both MG and NR dyes at 
different dye concentrations was rapid at the initial stages 
and gradually decreased with the progress of adsorption 
until the equilibrium was reached. 

Table 4. Percentage of NR removal for activated carbon 

Time
(min)

Percentage of NR Removal (%)
60

mg/L
100

mg/L
200

mg/L
300

mg/L
400

mg/L
30 47.02 36.44 15.34 16.15 13.16
60 53.65 42.10 22.31 19.86 14.17
90 63.1 45.95 26.11 26.16 15.60

120 77.39 58.37 26.36 28.83 17.10
150 83.56 66.47 30.2 31.03 19.69
180 78.34 77.14 34.87 32.82 21.69
210 79.36 76.30 35.49 33.26 24.17
240 79.11 77.24 36.13 33.36 24.60

3.3 Adsorption Isotherm 

3.3.1 Langmuir model 

The Langmuir equation has been applied for the 
monolayer sorption onto a surface of a finite number of 
identical sites with negligible interaction between of 
molecule [8]. It is also observed that the initial removal 
of dye is fast and with the rise in concentration the 
percentage uptake gradually decreases. The form of the 
Langmuir isotherm can be represented by the following 
equation: 

qe = qm [(KLC)/(1+KLCe)]            (2) 

where qe was the amount of dye adsorbed per gram of 
adsorbent (mg/g), C denotes the equilibrium 
concentration of dye in solution (mg/L); KL represents the 
Langmuir constant (L/mg) that related to the affinity of 
binding sites and qm was a theoretical limiting adsorption 
capacity when the monolayer surface was fully covered 
with dye molecules and assists in the comparison of 
adsorption performance (mg/g). Linear plots obtained for 
1/qe against 1/Ce with R2 values in Figures 2 and 3 
indicate that the Langmuir isotherm holds good for the 
MG-Rhusorbent and NR-Rhusorbent systems. 

3.3.2 Freundlich model 

The Freundlich isotherm model is based on the 
assumption that adsorption occurs on the heterogeneous 

adsorption surface having unequally available sites with 
different energies of adsorption [9]. The Freundlich 
isotherms model had the following form: 

qe = KFC1/n             (3) 

where qe was the amount of dyes adsorbed per gram of 
adsorbent (mg/g); C was the equilibrium dye 
concentration in solution (mg/L); KF and n were the 
Freundlich constants, which represented the adsorption 
capacity and the adsorption strength, respectively. The 
magnitude of 1/n quantified the favorability of adsorption 
and the degree of heterogeneity of the adsorbent surface 
[6].  

The Freundlich isotherm is represented by equation: 

log qe = log KF + 1/n log C                   (4) 

The Freundlich adsorption isotherm plot is made 
between log Ce and log qe as shown in Figures 4 and 5. 
The isotherm data for RhuSorbent fitted the Freundlich 
model with 0.99 R2. 

Figure 2. Langmuir isotherm for MG dye adsorption onto 
Rhusorbent  and AC 

Figure 3. Langmuir isotherm for NR dye adsorption onto 
RhuSorbent treated and AC 

Figure 4. Freundlich isotherm for MG dye adsorption onto 
Rhusorbent treated and AC 
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Figure 5. Freundlich isotherm for NR dye adsorption onto 
Rhusorbent treated and AC 

4 Conclusions 

C. equisetifolia seeds are a potential source for bio-
inspired adsorbents for the removal of MG and NR dyes. 
The effectiveness of green modification of adsorbents 
prepared from C. equisetifolia seeds using β-cyclodextrin 
(Rhusorbent) in dye removal may add another eco-
friendly adsorbent to the present list and hence protect the 
environment. The future works may include the kinetic 
study on the adsorption of the same dyes as well as the 
effectiveness of the green modification using other bio-
inspired adsorbents. 
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