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Abstract - Activated carbons are extensively used as 
efficient and versatile adsorbents for purification of water, air 
and many chemical and natural products. Watermelon Rind is 
used as an adsorbent for this research work. This is an 
abundant agro waste product available in all season. 
Methylene blue is a commonly used cationic dye for colouring, 
this can cause eye burns in humans and animals, causes 
methemoglobinemia, cyanosis, irritation to the skin and if 
indigested can leads to irritation in gastrointestinal tract, 
nausea, vomiting. According to batch studies it was concluded 
that adsorption depend on contact time, adsorbate 
concentration, pH and also adsorbent dosage. The results show 
maximum dye removal efficiency of 95 -99.659% adsorption 
for Sulphuric acid treated with Activated watermelon rind. 
When adsorbate concentration increases accordingly 
activated carbon adsorbent dosage gets increased. Contact 
time of 180minutes and pH of 9 was considered as optimum in 
the present study. 
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1. INTRODUCTION 

Wastewater which is discharged from industries contain 
various kind of contaminants. In that dyes are the major 
contaminants that are being discharged from industries. 
Many industries like textile, paper and pulp, cosmetics, 
pharmaceuticals, food and painting industries release 
wastewater associated with dyes. Because of its complex 
composition, high concentration, highly stable and poor 
biodegradable properties, those dyes are very difficult to 
remove from the wastewater which is released by different 
types of industries. In industries like textile, water is used in 
large quantity which also results in large amount of 
wastewater that contain dyes. The concentration of dye is 
very high such that even a less amount of dye which is 
present in water is detectable and it is not acceptable. Major 
problem associated with dyes is that these are aesthetically 
visible in quick succession and reduces the light penetration 
coming from the sun into the water body causes several 
health effects such as skin irritation, allergy and any 

prolonged consumption can make these dyes carcinogenic 
and mutagenic. There are many methods used to abate 
different dyes from the wastewater.  

Activated carbon method considered as the most effective 
adsorption method. This method is widely preferred because 
of its high performance and cost effectiveness. Extra pores 
present in the activated carbon has made it more effective in 
adsorbing the dyes compared to the normal adsorbents. 
Many low cost adsorbents are available and proved to be 
efficient to adsorb the dyes and one such adsorbent is 
Watermelon Rind. 

1.1 Objectives of the study: 

1) To prepare Watermelon rind activated carbon. 

2) To investigate Methylene Blue dye removal 
efficiency using batch method along with efficiency 
of colour removal. 

3) To evaluate the potential of naturally available 
adsorbents in adsorption of Methylene Blue dye. 

4) To determine the amount of dye adsorbed by 
activated watermelon shell powder by varying the 
pH, contact time and dosage of adsorbent. 

2. MATERIALS 

2.1 WATERMELON RIND: 

Watermelon Rind is the hard protective layer of the 
Watermelon fruit. Watermelon fruit is widely used all over 
the world mainly China is the biggest producer. The peel 
which is separated from the fruit is considered as the waste 
material. The study is done to make use of waste rind in order 
to abate Methylene Blue dye by the process of adsorption. 
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Fig. 2.1: Dried & Grounded Watermelon Rinds 

2.2 METHYLENE BLUE: 

Methylene Blue is categorised as a cationic dye. It had the 
chemical formula C16H18N3SCl, weighed 319.85g/mol, and 
had a 665nm absorption wavelength. It was heterocyclic 
aromatic compound. Heinrich Caro, a German Scientist, 
analysed methylene blue for the first time in 1876. It was a 
solid, odourless, dark green powder at room temperature, 
and it will turn blue when combined with water. Methylene 
blue dye is widely used for various dyeing processes in the 
textile, paper, and leather industries. 

 

 

 

 

Fig. 2.2: Methylene Blue structure 

2.3 PREPARATION OF ADSORBENT: 

The collected watermelon rinds were washed with distilled 
water and separated from endocarp of fruit to take off all the 
dirt and other impurities. Later it is sliced to a size of 1 mm 
for easy drying purpose and it is exposed to sunlight for 
about 5 days during the peak temperature. After that, the 
dried pieces are ground into powder form and stored in air 
tight container for future use. The powdered rinds were 
soaked in concentrated H2SO4 solution for 24 hours as 
Weight: Volume ratio. Later the adsorbent was washed 
several times with distilled water to take off all the acid 
content present in it till it gets the pH of 6. Then the 
adsorbent was sundried till all the moisture gets evaporated. 
Later it was kept in hot air oven at 2300C for 3 hours. The 
adsorbent is used throughout the experiment.  

 

 

 

Fig. 2.3 Chemical activation of watermelon rind 

2.4 ADSORBATE PREPARATION: 

About 1.0g of Methylene blue was taken and dissolved in 1 
litre water which produced a Methylene blue of 
concentration 1000PPM. From 1000PPM solution 100PPM, 
80PPM, 60PPM, 40PPM and 20PPM solutions were prepared. 

Dilution for stock solution is calculated by using 

(C1 × V1) Stock = (C2 × V2) Dilution formula for different 
concentration.  

The chemicals used for this study were of analytical-grade 
reagents. For preparing all of the solutions and reagents 
double-distilled water was used (0.1M HCl or 0.1M NaOH 
was used for initial pH). 

3. METHODOLOGY: 

3.1 RESPONSE SURFACE METHODOLOGY: 

In Minitab, RSM is a strong statistical tool for optimization. It 
is a mathematical methodology helpful for creating an 
optimization process and has an advantage over other 
approaches typically utilized in the case of numerous 
variables. When compared to a central composite design, the 
Box-Behnken method of experiment design offers the 
greatest efficiency for a response surface methodology that 
primarily depends on three factors: pH, initial concentration, 
adsorbent dosage, and occasionally temperature and contact 
time. It also predicts the number of trails by knowing the 
three levels (low, medium, and high), and the number of runs 
is lower. The Box-Behnken method is primarily used in a 
variety of fields, including capillary electrophoresis, spectro 
metric methods, chromatographic method optimization, and 
electroanalytical method and so on.  

3.2 ADSORPTION STUDY: 

Adsorption research was conducted in accordance with the 
runs provided by BBD. In accordance with the experiment's 
design, a stock solution of the Adsorbate Methylene Blue dye 
was created. (100 ml) of the ready stock was transferred to a 
250 ml conical flask. According to the plan, watermelon rind 
activated carbon was applied, and cling foil sheets was 
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placed on top. The mixture was maintained in a shaker for a 
constant 2 hours at a temperature of 270 C and 130 rpm. 
Then it was filtered and put through a spectrophotometer 
test at a wavelength of 664 nm. Variations in the samples, 
optical densities and concentrations were documented, and 
the same five trails were run. 

Batch studies were conducted to determine the effects of the 
adsorbent by changing the dosage of activated watermelon 
rind from 0.5g to 2.5g at equal concentrations by constant 
time and pH, as well as the effects of contact time by 
changing the contact time from 30min to 300min by 
constant adsorbent dosage and pH. Additionally, the effects 
of pH variation were investigated by changing the pH from 2 
to 10 by constant time and adsorbent by varying the pH by 
adding 0.1 M HCl. By varying its concentration while keeping 
the other ingredients constant, the effect of the adsorbate 
was also investigated. Further testing was done using the 
Box-Behnken design after determining the best outcomes of 
the aforementioned experimental settings. 

3. RESULTS AND DISCUSSIONS: 

3.1 EFFECT OF PH: 

The maximal uptake of methylene blue at pH 10 is shown in 
Chart 3.1(a) by maintaining the same concentration level of 
100 ppm with 1 g of room temperature adsorbent. 
Adsorption in relation to the surface groups on the 
adsorbent is impacted by the pH of the adsorbate. Therefore, 
the pH of 9 is thought to be ideal for further research. 

 

 
Chart 3.1(a) Graph showing percentage removal w.r.t 

pH 

3.2 EFFECT OF ADSORBENT DOSAGE: 

To evaluate the impact of an increase in adsorbent dosage on 
removal efficiency, a batch adsorption method was 
calculated. Different adsorption dosages, including 0.5g, 1.0g, 
1.5g, 2.0g, and 2.5g, were added to the solutions. The 
solution concentration was held at 100 ppm, while the 
contact time was held at 120 minutes. The experiment's 
findings are shown in the graphic below. From 0.5g to 2.5g, 

the removal efficiency steadily rose. Later, for 2.5g, the 
removal efficiency reached to 99.575 percent (Chart 3.2(a)). 

 
Chart 3.2(a) Graph showing percentage removal w.r.t 

adsorbent dosage 

3.3 EFFECT OF INITIAL CONCENTRATION: 

Batch adsorption process was carried out to check the effect 
of initial concentration on the removal efficiency. Different 
concentration such as 20ppm, 40ppm, 60ppm, 80ppm, 
100ppm, 120ppm, 140ppm, 160ppm were prepared and 
adsorption experiment was conducted. The removal 
efficiency was 99.659% for 20ppm and it constantly 
decreased when the concentration was increased. It went up 
to 40.654% for 160ppm (Chart 3.3(a)). 

Chart 3.3(a) Graph showing percentage removal w.r.t 
Initial concentration 

3.4 EFFECT OF CONTACT TIME: 

The contact times chosen were 30, 45, 60, 120, 180, 240, and 
300 minutes. 1g of adsorbent was added to each sample, and 
the solution concentration was kept at 100 ppm. The 
experiment's findings are shown in the graphic below. When 
the contact duration was increased from 30 minutes to 180 
minutes, the adsorption of the Methylene Blue dye increased 
from 54.9770 percent to 97.1904 percent. After 300 minutes 
of contact time, it increases to a maximum of 97.3510 
percent. 
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It was observed that the initial period's strong adsorption 
rate persisted for 180 minutes. However, as the time is 
extended past 180 minutes, it displays a steady value for 240 
minutes and 300 minutes. Therefore, it indicates that there 
are no active sites on the adsorbent's surface (Chart 3.4(a)). 

 
Chart 3.4(a) Graph showing percentage removal w.r.t 

Contact time 

4. CONCLUSION: 

The removal of dyes from water bodies that are discharged 
by companies is possible using a variety of approaches, but 
adsorption is one that is both successful and affordable. 
Numerous naturally occurring adsorbents have 
demonstrated their effectiveness in removing different 
colours from wastewater. Wastewater should be cleaned of 
dangerous chemicals like the hazardous Methylene Blue dye. 
Watermelon rind that has been activated may be able to 
absorb the dye Methylene Blue. 

Watermelon rind provides the highest percentage clearance 
of 97 to 99 percent. It will be a positive step to use readily 
accessible natural adsorbents to remove damaging colours 
like Methylene blue. The adsorbent's adsorption capability 
may be improved by proper activation. 
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