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This study investigated the potential of watermelon rind derived microcrystalline 
cellulose (MCC) for the removal of methylene blue dye from aqueous solutions. The 
objectives were to evaluate the adsorption capabilities of watermelon rind derived MCC 
and assess the effect of process variables on its adsorption capacity. FTIR analysis was 
conducted to compare the absorption patterns of untreated watermelon rind and MCC. 
The absence of peaks at 1720, 1584, and 1242 cm-1 in the MCC spectra confirmed the 
successful removal of lignin and hemicellulose from the sample. Thermogravimetric 
analysis showed that MCC exhibited an earlier onset of degradation compared to 
watermelon rind and reached its peak degradation rate at 215°C, as indicated in the DTG 
curve. The scanning electron microscopy analysis revealed that the MCC exhibited a rod-
like shape with a diameter of less than 74 µm and a length of less than 737 µm. With an 
intermittent breakdown of the fibrillar structure into individualised fibrils, this unique 
morphology provides a larger surface area for adsorption, thus increasing the potential 
of MCC as a bio-adsorbent. The adsorption behaviour of MCC in aqueous solution was 
then investigated, specifically focusing on the impact of contact time and initial dye 
concentration on its adsorption capacity. The results demonstrated that the optimum 
dye removal efficiency of 86.32% was achieved when the methylene blue dye 
concentration was 1.5 mg/L. Furthermore, the dye removal efficiency rapidly increased 
from 67.34% to 80.73% as the contact time increased from 20 minutes to 60 minutes, 
after which the rate of increase slowed down significantly. These findings highlight the 
importance of optimising these variables to maximise the adsorption potential of MCC 
for efficiently removing contaminants. These findings contribute to the development of 
sustainable and cost-effective methods for particle removal in water treatment 
applications. 
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1. Introduction 
 

The 21st century presents significant challenges for the global food and agricultural sector, with 
approximately 33% of food produced for human consumption being wasted worldwide and fruits 
being the highest contributors to this statistic [1,2]. A substantial amount of waste materials, 
including peels, seeds, and unused flesh, is generated throughout the fruit processing chain. 
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Regrettably, these waste products are often discarded into the environment despite containing 
valuable compounds with significant economic potential. Consequently, the disposal of fruit waste 
results in substantial wastage and contributes to environmental issues such as soil erosion and water 
pollution. 

The utilisation of fruit waste for dye removal in wastewater treatment plants can significantly 
benefit the textile industry. With global annual consumption of more than 107 kg, dyes discharged 
into the environment have become a major concern, particularly in developing countries [3]. 
Methylene blue (MB) is a triphenyl cationic azo dye, also known as Hexamethyl pararosaniline 
chloride, with the molecular formula of C16H18N3SCl, widely used in pharmaceutical, food, and textile 
industries for dyeing cotton, wood, and silk [4]. It poses health risks, including eye burns, respiratory 
difficulties, and mental confusion upon exposure [5]. Consequently, it is crucial to employ various 
physical, chemical, and biological treatment methods to address this issue [6-8]. Among these 
approaches, adsorption is recognized as one of the most effective techniques for dye removal, given 
its economic viability and environmental compatibility [9].  

Cellulose, a widely available carbon polymer found in various plant, animal, and bacterial sources, 
constitutes a significant portion of food waste [10]. It possesses long chains of linear 
homopolysaccharide β-d-glucopyranose units linked together by β-1-4-linkages, in which inter and 
intramolecular hydrogen bonds help cellulose to have a crystalline structure and enable the fibril 
aggregation [11,12]. Cellulose has four polymorphs, namely cellulose I, II, III, and IV [13]. Cellulose I 
is the naturally occurring cellulose in parallel strands without intersheet hydrogen bonding [14]. 
Cellulose II is thermodynamically more stable with high surface area, surface accessibility, and 
antiparallel strains with intersheet hydrogen bonding [15]. The main difference between cellulose I 
and II properties is due to the bonding between the cellulose chains or crystal structure changes. 
However, this remains a question of intense debate [16]. Cellulose III is amorphous and can be 
formed from cellulose I and II by the treatment with amines [17]. Cellulose IV can be obtained by 
modifying cellulose III with glycerol at very high temperatures [18]. The amorphous nature of 
cellulose renders it susceptible to acid hydrolysis, producing microcrystalline cellulose (MCC) by 
disrupting the amorphous regions [19].  

MCC derived from crystalline units has garnered considerable attention as an adsorbent among 
researchers in recent decades [20,21]. This is primarily due to its advantageous features, including a 
high surface area, abundance, low cost, and biodegradability [22]. The formation of MCC through 
acid hydrolysis is commonly achieved using sulfuric acid, as it generates MCC with a surface charge 
and stable colloidal dispersion [23]. The hydrolysis process with sulfuric acid introduces sulfate ester 
groups, resulting in negative charges on the surface of MCC. Consequently, these negative charges 
facilitate electrostatic repulsion in aqueous solutions, promoting uniform dispersion of microcrystals 
[24]. Moreover, the presence of negative charges on the MCC surface makes it a promising candidate 
for use as an adsorbent, as it exhibits a high adsorption capacity for the removal of positively charged 
dyes [25]. 

The adsorbent derived from MCC extracted from waste banana pseudo-stem achieved a notable 
adsorption capacity of 40.16 mg/g at room temperature to remove MB in aqueous solution [23]. In 
comparison, MCC extracted from oil palm fronds demonstrated promising potential as an MB 
adsorbent, achieving 51.81 mg/g [26]. Meanwhile, MCC extracted from cotton fibre showed an even 
higher maximum adsorption capacity for MB, reaching 115.2 mg/g [27]. These findings underscore 
the significant potential of MCC derived from biomass waste in effectively removing MB dye from 
aqueous solutions. 

The increased demand for wood and wood-based products in the commercial production of MCC 
has raised concerns regarding deforestation and sustainability [28]. As a result, the focus has shifted 
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towards exploring alternative and underutilised renewable materials for MCC extraction [29]. Fruit 
waste presents a viable option as it can economically replace solid wood as a precursor for MCC 
production [30]. Based on the study conducted by Ahmad et al., [31] MCC extracted from rice husk 
can achieve up to 83.26% yield. Additionally, in the study by Abdullah et al., [32] and Debnath et al., 
[33], various biomasses were investigated for microcrystalline cellulose (MCC) extraction, revealing 
noteworthy yields. Water hyacinth demonstrates an MCC yield of 73.76%, sweet sorghum reaches 
81.8%, kans grass achieves 83%, soybean hulls demonstrate a yield of 83.8%, waste cotton fabrics 
show 83.4%, sacred Bali bamboo can achieve up to 84.9%, tea waste demonstrates 86.7%, Sengon 
wood exhibits a yield of 89.46%, and kapok fibre boasts an impressive 91.21% yield.  

In this study, watermelon rind was selected as the cellulose source. Watermelon (Citrullus 
lanatus), belonging to the Cucurbitaceae family, is a widely cultivated flowering plant with over 1000 
varieties [34]. While the fruit is edible and consumed by humans, the outer skin or rind of the 
watermelon is often discarded as waste. The watermelon rind accounts for approximately 30% of the 
total fruit mass and lacks economic value, creating a significant environmental disposal challenge 
[35]. Therefore, exploring the potential of watermelon rind as a source of cellulose for MCC 
extraction not only addresses the waste management issue but also offers a sustainable and 
environmentally friendly alternative to traditional wood-based sources. 

Considering the widespread abundance of watermelon rind as a waste product, this study aims 
to transform this underutilized material into a more valuable resource in the form of MCC. The 
primary objectives of this study are twofold: first, to characterize the MCC extracted from 
watermelon rind, and second, to investigate the efficiency of MCC in removing dyes from solution by 
examining the influence of contact time and dye concentration. By accomplishing these objectives, 
this research seeks to contribute to understanding MCC properties derived from watermelon rind 
and explore its potential application as an effective dye adsorbent. 
 
2. Materials and Methods 
2.1 Materials 
 

Watermelon rinds were obtained from a local market in Kuching, Malaysia, and served as the raw 
material for the extraction of MCC. All chemicals, including sodium hydroxide pellets, 30% hydrogen 
peroxide (H2O2), 95% sulphuric acid (H2SO4), 99.5% anhydrous tert-butanol, and MB, were of 
analytical grade acquired from Sigma-Aldrich Chemicals. Distilled water was used to dilute all 
solutions used in this study as necessary. 

 
2.2 Pre-Treatment of Watermelon Rind 
 

The raw watermelon rind was initially sliced into small pieces and dried in an oven at 40°C for 24 
hours. Following the drying process, the watermelon rind was further fragmented into smaller pieces, 
with lengths ranging from 0.3 to 0.7 cm and widths ranging from 0.1 to 0.2 cm.  

To initiate the alkaline treatment, 2 g of dried watermelon rind was combined with 100 mL of 9% 
NaOH solution in a 250 mL beaker. The mixture was stirred using a magnetic stirrer at a constant 
speed for 60 minutes while maintaining a temperature range of 70 to 80°C. The purpose of this step 
was to dissolve and remove non-cellulosic components, specifically lignin and hemicellulose, which 
are soluble in alkali [36]. 

Following the treatment, the watermelon rind was thoroughly washed with distilled water until 
a neutral pH of 7 was achieved. This step ensured the removal of residual alkali from the treated 
material. Subsequently, the recovered residue was subjected to drying at 50°C for 24 hours—the 
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drying process aimed to obtain a dry and stable sample for subsequent analysis and further 
processing. 

The delignification step was conducted following the procedure by Wijaya et al., [37]. This step 
removes lignin from the inter-fibril spaces, exposing the amorphous and crystalline cellulose regions 
for subsequent acid hydrolysis. The treatment involved immersing 0.3 g of alkaline-treated fibres in 
a solution comprising 10 mL of 4% NaOH and 10 mL of 30% H2O2. The mixture was continuously 
stirred using a magnetic stirrer for 60 minutes at 50 to 60°C. 

After completion of the delignification process, the bleached fibres were separated from the 
solution by filtration using a filter funnel. The filtered fibres were then thoroughly washed with 
distilled water until the washing solution reached a neutral pH. This ensured the removal of residual 
chemicals from the bleached fibres. Subsequently, the bleached fibres were dried at 50°C for 24 
hours to obtain a dry and stable sample for further analysis and experimentation. 

 
2.3 Sulphuric Acid Hydrolysis 
 

The extraction of MCC was carried out through acid hydrolysis of the previously bleached fibres, 
following an established method [9]. Initially, 0.3 g of the bleached fibres was added to 3 mL of 
preheated 58% sulphuric acid solution at 55°C. The mixture was then placed in a water bath and 
stirred continuously at a fixed speed for 60 minutes. 

Following the acid hydrolysis, the mixture was diluted with 47 mL of distilled water, and the 
resulting dispersion was subjected to centrifugation at 6000 rpm for 5 minutes. The precipitate was 
collected and transferred into a dialysis tube to remove non-reactive sulphate groups, salts, and 
soluble sugars. The dialysis tube containing the precipitate was placed in a beaker filled with distilled 
water, and the water in the beaker was changed daily until the distilled water reached a neutral pH. 

 
2.4 Addition of Surfactant Prior to Oven drying 

 
The cellulose suspension obtained from the dialysis process was adjusted to a concentration of 

0.1 wt% by adding distilled water. Before oven drying, 9 mL of the suspension was mixed with 1 mL 
of tert-butanol (t-BuOH), as previously conducted by Hanif et al., [38]. This is because drying in the 
oven often results in interfibrillar aggregation, making it difficult for subsequent aqueous re-
dispersion. Using t-BuOH helps minimise interfibrillar shrinkage because t-BuOH has lower surface 
tension than water. The remaining t-BuOH/water mixture will also reduce interfibrillar adhesion and 
contact. The mixture was then dried in an oven at 100°C for 24 hours. The dried MCC was collected 
once the drying process was finished. 

The yield of MCC was determined using Eq. (1), where the weight of MCC obtained was divided 
by the initial weight of the bleached fibres used in the extraction process. 
 

Yield of MCC (%) =
Weight of MCC dry sample
Initial weight of cellulose

× 100% (1) 

 
2.5 Characterisation 
2.5.1 Scanning electron microscopy 
 

Scanning electron microscopy (SEM) was conducted to investigate the morphology of both 
untreated watermelon rind and MCC. The SEM analysis was performed using a scanning electron 
microscope (Joel JSM-6000) operated at an acceleration voltage of 10-20 kV. Before the SEM 
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analyses, the samples were coated with a thin layer of gold using a coating system to ensure adequate 
conductivity and enhance the imaging quality. This gold coating process is essential for achieving 
accurate and detailed SEM images of the samples. 

 
2.5.2 Fourier transform infrared spectroscopy 
 

Fourier Transform Infrared (FTIR) spectroscopy (Thermo Scientific Nicolet™ Summit 
Spectrometer) was employed to analyse the functional groups in both watermelon rind and MCC. To 
prepare the samples for FTIR analysis, they were mixed with potassium bromide (KBr) and 
compressed into pellets. This palletisation process facilitated the uniform distribution of the sample 
and ensured consistent results during the FTIR analysis. The FTIR analysis was conducted within a 
wavelength range of 4000 to 450 cm-1, enabling the identification and characterisation of the various 
functional groups in the samples. 

 
2.5.3 Thermogravimetric analysis 

 
Thermogravimetric analysis (TGA) was performed using Perkin Elmer STA 8000 to assess the 

thermal stability of both untreated watermelon rind and MCC samples, allowing the generation of 
thermogravimetric (TG) and derivative thermogravimetric (DTG) curves. The analysis was conducted 
under an inert atmosphere with a continuous flow of nitrogen gas at a 20 mL/min rate. 

Approximately 3-4 mg of the material was carefully placed into an aluminium crucible for each 
sample. The TGA measurement involved heating the samples from 40 to 600°C at a controlled heating 
and cooling rate of 10°C/min, as described by Chieng et al., [39]. 

By monitoring the weight loss of the samples as a function of temperature, the TG curves 
provided information on the thermal stability and decomposition behaviour of the materials. The 
DTG curves, derived from the TG data, revealed the weight loss rate as a temperature function. 

 
2.6 Performance Test of MCC as Adsorbent 
2.6.1 Dye concentration and absorbance 
 

The adsorption of MB onto the MCC adsorbent was investigated in this study. To initiate the 
adsorption process, stock solutions of MB and MCC were prepared. Specifically, 10 mL of the MB 
solution and 0.02 g of MCC were mixed in a 50 mL beaker. The mixture was agitated using a magnetic 
stirrer at 250 rpm for 60 minutes.  

After the agitation period, the stirrer bar was removed, and the mixture was centrifugated at 
5000 rpm for 5 minutes. The supernatant was collected, and the initial and final absorbance of the 
MB solution was measured using a UV-Vis spectrophotometer at a wavelength of 682 nm. 
A calibration curve was constructed to determine the concentration of MB in the solution by plotting 
the absorbance values against the known concentrations of MB at 682 nm. This calibration curve 
allowed for the conversion of the adsorption values of free dye molecules to their corresponding 
concentrations. 

The removal efficiency of MB and the amount adsorbed onto the MCC adsorbent were calculated 
using Eq. (2) and Eq. (3), respectively [8], as follows: 
 

𝑅𝑅𝑀𝑀𝑀𝑀 =
𝐶𝐶𝑜𝑜 − 𝐶𝐶𝑒𝑒
𝐶𝐶𝑜𝑜

× 100% (2) 

  



Journal of Advanced Research in Applied Mechanics 
Volume 122, Issue 1 (2024) 130-146 

 

135 
 

𝑞𝑞𝑒𝑒 =
𝐶𝐶𝑜𝑜 − 𝐶𝐶𝑒𝑒
𝑚𝑚

𝑉𝑉 (3) 

 
where 𝑅𝑅𝑀𝑀𝑀𝑀 is the dye removal percentage, 𝑞𝑞𝑒𝑒 is the amount of dye adsorbed for 1 g of adsorbent 
(mg/g), 𝐶𝐶𝑜𝑜 is the initial dye concentration (mg/L), 𝐶𝐶𝑒𝑒 is the equilibrium concentration of free dye 
molecules in the solution (mg/L), 𝑚𝑚 is the mass of adsorbent (g) and 𝑉𝑉 is the volume of solution (L). 
 
2.6.2 Batch adsorption test 
2.6.2.1 Effect of contact time 
 

The effect of contact time on the adsorption process was investigated by varying the duration 
from 20 to 60 minutes while maintaining a constant adsorbent dosage of 0.02 g. This approach 
facilitated an examination of the dynamic evolution of the adsorption of the target species, such as 
MB, onto the MCC adsorbent. By observing the adsorption kinetics at different contact times, 
valuable insights can be gained into the rate and efficiency of the adsorption process. 

 
2.6.2.2 Effect of initial dye concentration 
 

The effect of initial concentration on the adsorption process was assessed by adjusting the dye 
concentration within the 0.5 to 3.0 mg/L range. To ensure a consistent contact time, the best contact 
time obtained from the previous investigation (60 minutes) was maintained throughout this 
experiment. By examining the adsorption performance at different initial concentrations, insights 
into the capacity and efficiency of the MCC adsorbent can be obtained. This analysis helps to 
determine the optimal conditions for achieving effective dye removal and provides valuable 
information on the adsorption behaviour of the MCC adsorbent under varying initial concentration 
conditions. 
 
3. Results and Discussions  
3.1 Yield of MCC 

 
According to a study by Ibrahim et al., [40], the yield of cellulose obtained from watermelon rind 

was reported to be 20%. Given this moderate yield, the utilisation of watermelon rind for the 
preparation of MCC was considered. In our study, the yield of MCC was determined after subjecting 
the cellulose extracted from watermelon rind to acid hydrolysis for 60 minutes. The yield of MCC was 
calculated using Eq. (1) and was found to be 13.97%.  

 
3.2 Morphology 
 

Scanning electron microscopy (SEM) or SEM analysis was used to examine the surface 
morphology of watermelon rind (WR) fibres, and MCC obtained through chemical purification and 
acid hydrolysis. Figure 1 displays the SEM image of WR, while Figure 2 shows the SEM image of MCC 
derived from WR. 
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(a) (b) 

Fig. 1. SEM image of WR under two magnifications (a) 120x and (b) 1000x 
 

  
(a) (b) 

Fig. 2. SEM image of MCC derived from WR under two magnifications (a) 100x and 
(b) 1000x 

 
The SEM analysis revealed that the surface of WR exhibited an irregular and non-smooth 

appearance, indicating the presence of impurities and structural imperfections. In contrast, the 
surface of MCC appeared smoother and exhibited a wrinkled structure [41]. This observation 
suggests the successful removal of hemicelluloses, lignin, pectin, and other impurities during the 
purification and acid hydrolysis. 

Furthermore, the SEM micrographs of MCC displayed in Figure 2 provided evidence of a reduction 
in the size of the fibrillar structure. This reduction can be attributed to the removal of amorphous 
parts of cellulose and the intermittent breakdown of the fibrillar structure into individualized fibrils. 
These findings confirm the efficiency of adding tert-butanol to MCC before the oven drying process, 
as it successfully prevented MCC aggregation during drying. 

The rod-like structure observed in Figure 2 is consistent with previous reports on MCC derived 
from oil palm empty fruit bunch [42]. This similarity in structure supports the validity and consistency 
of the MCC extraction process and the formation of the desired microcrystalline morphology. The 
measured dimensions of MCC indicate a diameter of less than 74 µm and a length of less than 737 
µm. 

 
3.3 Chemical structure of WR and MCC 
 

The FTIR analysis was conducted to examine the functional groups present in both WR and MCC 
samples. As a lignocellulosic material, WR primarily consisted of polysaccharides (cellulose and 
hemicellulose) and an aromatic polymer (lignin), resulting in the presence of various functional 
groups such as alkanes, esters, aromatics, ketones, and alcohols, along with oxygen-containing 
functional groups [43]. 
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The FTIR spectra of WR and MCC are illustrated in Figure 3. The peaks observed at 3330 cm-1 in 
both WR and MCC spectra indicated the stretching vibrations of the OH group. The peaks at 2882 cm-

1 for WR and 2890 cm-1 for MCC corresponded to the C-H stretching vibrations. The presence of a 
peak in the range of 1621 – 1637 cm-1 represented the bending absorption of water. Notably, the 
removal of water from the fibres proved to be a challenging task, even though the FTIR samples 
underwent a proper drying process. Spectral bands at 1400 – 1419 cm-1 and 1366 – 1369 cm-1 
indicated the CH2 asymmetric bending motion in cellulose and the bending vibrations of the C-H and 
C-O groups of the aromatic rings in polysaccharides, respectively. The stretching vibration of the C-
O-C pyranose ring yielded a prominent peak at 1021 cm-1, and an increase in cellulose content was 
accompanied by an increment in peak intensity at 1021 cm-1 in both samples. Additionally, the 
observed increase in the peak at 894 – 897 cm-1 in Figure 3 provides further evidence of a 
characteristic cellulose structure, specifically indicating the presence of β-glycosidic linkages within 
the glucose ring. Additionally, the observed increase in the peak at 894-897 cm-1 in Figure 3 provides 
further evidence of a characteristic cellulose structure, specifically indicating the presence of β-
glycosidic linkages within the glucose ring [44]. 
 

  
(a) (b) 

Fig. 3. FTIR spectra of WR (blue) and MCC (red) on the wavelength of (a) 4000 - 1500 cm-1 and (b) 
1500 – 400 cm-1 

 
A comparison of the IR spectra of WR and MCC revealed changes in the functional groups after 

acid hydrolysis. The peak observed at 1584 cm-1 in the WR spectrum was associated with the 
characteristics of lignin, representing C=C unsaturated linkages and aromatic rings present in lignin 
[45]. The primary characteristic peak of hemicellulose was typically identified around 1707 – 1735 
cm-1 [31, 46]. In the WR sample, a smaller shoulder peak observed at 1720 cm-1 corresponds to 
carboxyl groups, which are associated with the acids and esters of acetic, p-coumaric, ferulic, and 
uronic acids. These components are primarily found in extractives and hemicellulose, confirming 
their presence in the watermelon rind sample [47]. Another significant peak associated with 
hemicellulose was observed at 1242 cm-1, assigned to the acyl-oxygen CO-OR stretching vibration in 
hemicellulose. The absence of peaks at 1720, 1584, and 1242 cm-1 in the MCC spectra indicated the 
successful removal of hemicellulose and lignin through acid hydrolysis. The sulfate group (SO2) was 
also observed in the MCC spectrum at 1158 cm-1, likely resulting from cellulose sulfonation during 
the sulfuric acid hydrolysis process [48].  
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3.4 Thermogravimetric Analysis 
 

Thermogravimetric Analysis (TGA) was conducted to evaluate the thermal stability of WR and 
MCC. The TG and DTG thermograms of WR and MCC are presented in Figures 4(a) and 4(b), 
respectively.  
 

  
(a) (b) 
Fig. 4. (a) TGA and (b) DTG curves for WR and MCC 

 
The TG and DTG thermograms exhibited two distinct weight loss stages for all samples: a low-

temperature range below 100°C and a high-temperature range between 100°C and 600°C. The initial 
weight loss in the low-temperature range (< 10%) can be attributed to water evaporation, as reported 
by Chieng et al., [39]. Notably, the major weight loss (> 50%) observed in the high-temperature range 
indicates the primary thermal degradation of the cellulosic samples. During this stage, the 
degradation of hemicellulose, lignin, and the depolymerization of cellulosic fibres occur. 
Hemicellulose degradation takes place in the temperature range of 160-250°C, lower than the 
cellulose, where the degradation occurs between 300-400°C [39,49], while lignin decomposes over a 
broad range of temperatures 150–900°C [50]. 

The TGA curve demonstrated that MCC exhibited an earlier onset of degradation compared to 
WR, as indicated by the DTG curve reaching its peak degradation rate at 215°C. This reduction in 
thermal stability can be attributed to the presence of sulfate groups on the surface of MCC resulting 
from sulfuric acid hydrolysis. These sulfate groups are expected to lower the degradation 
temperature of MCC due to the lower activation energy of decomposition associated with the surface 
sulfate groups [51, 52]. Beyond 380°C, the residual decomposition products reached a plateau and 
displayed a slower degradation profile. Interestingly, at the end of the pyrolysis process, the residue 
content of MCC at 600°C was observed to be higher than that of WR. This behaviour can be attributed 
to the favoured dehydration effects of the sulfate groups, acting as flame retardants at lower 
temperatures [53].  
 
3.5 Dye Adsorption Studies 
3.5.1 Effect of contact time on methylene blue adsorption 

 
The adsorption profile of MB onto the MCC adsorbent was examined over various contact times, 

as presented in Figure 5. The findings of this study demonstrate an increase in both the dye removal 
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percentage and the amount of dye adsorbed as the contact time increased from 20 minutes to 100 
minutes, reaching values of 67.34% to 83.12% and 1.01 mg/g to 1.25 mg/g, respectively. 

The adsorption of MB by MCC was found to be rapid during the initial stages of contact time, with 
a higher rate of dye removal observed at the beginning. This can be attributed to the larger surface 
area and the availability of numerous adsorption sites on the MCC surface, facilitating the rapid 
adsorption of dye ions [54]. However, after the initial rapid uptake, the adsorption process proceeded 
slower and eventually reached equilibrium. This phenomenon can be attributed to the deposition of 
dyes on the accessible adsorption sites of MCC, leading to repulsive interactions between the dye 
molecules already adsorbed on the MCC surface and the remaining dye molecules, hindering their 
movement towards the MCC surface [55]. 

These observations determined an equilibrium time of 60 minutes, representing the point at 
which the adsorbent, MCC, achieved its maximum adsorption capacity. This suggests that MCC can 
effectively remove methylene blue from aqueous solutions. 
 

 
Fig. 5. Effect of contact time on dye removal percentage and 
amount of dye absorbed 

 
3.5.2 Effect of initial dye concentration on methylene blue adsorption 
 

The effect of initial dye concentration on the percentage of dye removal was investigated, as 
shown in Figure 6. The findings revealed a distinct trend in the percentage of dye removal concerning 
the initial dye concentration when a fixed amount of adsorbent was used. Initially, there was an 
increase in the percentage of dye removal as the initial dye concentration increased. However, 
beyond a certain point, the percentage of dye removal exhibited a significant decrease. The initial 
increase in dye removal at lower dye concentrations can be attributed to the low ratio of dye 
molecules to the number of available adsorption sites on the MCC surface. With fewer dye molecules 
present, there is a higher chance for them to occupy the available adsorption sites, leading to a higher 
percentage of dye removal. However, at relatively higher dye concentrations, the ratio of the 
increase in dye concentration to the increase in the amount of dye absorbed becomes lower. This is 
due to the limited availability of adsorption sites on the MCC surface compared to the higher number 
of dye molecules. As a result, the dye removal efficiency decreases as the repulsive forces between 
the dye molecules hinder their adsorption on the MCC surface [55]. While there is a decrease in the 
percentage of dye removal as the initial dye concentration increases, it is important to note that the 
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amount of dye absorbed per unit mass (𝑞𝑞𝑒𝑒) increases. This implies that, despite the decrease in 
percentage, the adsorbent is capable of adsorbing a greater quantity of dye per unit mass at higher 
initial dye concentrations. Therefore, the MCC adsorbent demonstrates a higher capacity for 
adsorbing dye molecules at higher initial dye concentrations. 
 

 
Fig. 6. Effect of initial dye concentration on dye removal 
percentage and amount of dye absorbed 

 
3.6 Adsorption Isotherms 
 

Adsorption isotherm describes the interaction characteristics between the adsorbate and 
adsorbents at equilibrium and constant temperatures [56]. It is fundamentally essential in 
determining the optimal efficiency of the adsorbents. Typically, isotherm data are correlated by 
employing various isotherm models, and the best-fitting model is selected to analyze adsorption 
behaviour. Freundlich and Langmuir isotherms are the two commonly used models to predict the 
adsorption capacity of a specific material. Therefore, the relationship between MB adsorption and 
dye concentration equilibrium was verified using Langmuir and Freundlich isotherms.  
 
3.6.1 Langmuir isotherm 
 

Langmuir model represents monolayer sorption onto the homogenous adsorbent's surface when 
no interaction occurs between adsorbed species [57]. The adsorption data are validated by 
determining the relative parameters of this model using Eq. (4). 

 
1
𝑞𝑞𝑒𝑒

=
1

𝐾𝐾𝐿𝐿𝑞𝑞𝑚𝑚𝑚𝑚𝑚𝑚
∙

1
𝐶𝐶𝑒𝑒

+
1

𝑞𝑞𝑚𝑚𝑚𝑚𝑚𝑚
  (4) 

 
where 𝑞𝑞𝑒𝑒 is the amount of dye adsorbed at equilibrium (mg/g), and 𝐶𝐶𝑒𝑒 is the equilibrium adsorbate 
concentration (mg/L). The values of the maximum adsorption capacity of the adsorbent, 𝑞𝑞𝑚𝑚𝑚𝑚𝑚𝑚 
(mg/g), and energy of adsorption, 𝐾𝐾𝐿𝐿, are estimated from the slope gradient and intercept of the 
linear plot (Figure 7). To compute adsorption efficiency, the dimensionless constant separation 
factor, 𝑅𝑅𝐿𝐿, was obtained using Eq. (5) [58].  
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𝑅𝑅𝐿𝐿 =
1

1 + 𝐶𝐶𝑖𝑖𝐾𝐾𝐿𝐿
  (5) 

 
where 𝐶𝐶𝑖𝑖 is the initial concentration of dye (mg/L), and 𝐾𝐾𝐿𝐿 is the Langmuir isotherm constant related 
to the sorption energy. The feasibility of adsorption can be evaluated from the values of 𝑅𝑅𝐿𝐿, which 
serve as an indicator of the adsorption's favourability. The adsorption is favourable when 0 < 𝑅𝑅𝐿𝐿 < 1, 
𝑅𝑅𝐿𝐿 > 1 suggests an unfavourable scenario, 𝑅𝑅𝐿𝐿 = 1 indicates linearity, and 𝑅𝑅𝐿𝐿 = 0 indicates 
irreversibility. Table 1 shows that the calculated value of 𝑅𝑅𝐿𝐿 for the initial dye concentration of 1.5 
mg/L was 0.8529. The maximum adsorption capacity was 20.54 mg/g. The 𝐾𝐾𝐿𝐿 value of 0.1150, which 
is slightly greater than 0.1, indicated the affinity of the adsorbent toward dye adsorption. [56]. 
 

Table 1 
Parameters of Langmuir Isotherm 
Langmuir Isotherm qmax (mg/g) KL RL R2 

20.54 0.1150 0.8529 0.9661 
 

 
Fig. 7. Langmuir adsorption plot 

 
3.6.2 Freundlich isotherm 
 

Freundlich isotherm is one of the simplest nonlinear sorption models. In contrast to Langmuir, which 
assumes that ions are adsorbed in a monolayer on the surface and that the greatest adsorption occurs when 
the surface is fully covered, Freundlich assumes that there exist heterogeneous surfaces with different 
affinities, allowing for multilayer adsorption [59]. The linearized Freundlich isotherm equation is 
represented by Eq. (6).  
 

log 𝑞𝑞𝑒𝑒 = log𝐾𝐾𝑓𝑓 +
1
𝑛𝑛

log𝐶𝐶𝑒𝑒  (6) 

 
where 𝑞𝑞𝑒𝑒 is the amount of dye adsorbed per unit mass of adsorbent at equilibrium (mg/g), and 𝐶𝐶𝑒𝑒 is 
the residual concentration of dyes in the solution at equilibrium (mg/L). Depending on the nature of 
adsorbate and adsorbent, the Freundlich constants, 𝐾𝐾𝑓𝑓 and 𝑛𝑛, are relative indicators of the 
adsorption intensity and the adsorption capacity, respectively [60]. By plotting Eq. (6) as shown in 
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Figure 8, the value of 1/n can be determined from the slope gradient, and the intercept is equal to 
log 𝐾𝐾𝑓𝑓. 

Table 2 lists the values of 1/n, 𝐾𝐾𝑓𝑓, and R2, which were determined to be 0.928, 2.246 mg/g, and 
0.902, respectively. Given the relatively good correlation coefficients obtained for both the Langmuir 
and Freundlich isotherm models, they were assumed to be suitable for explaining the sorption 
mechanism. 

 
Table 2 
Parameters of Freundlich Isotherm 
Freundlich Isotherm 1/n 𝐾𝐾𝑓𝑓  (mg/g) R2 

0.928 2.246 0.902 
 

 
Fig. 8. Freundlich adsorption isotherm 

 
4. Conclusions 
 

In conclusion, MCC isolated from watermelon rind using acid hydrolysis, preceded by alkaline 
treatment and a bleaching process, was confirmed through FTIR analysis, which revealed the absence 
of absorbance bands at 1720, 1584, and 1242 cm-1 in the spectra of MCC. The SEM results 
demonstrated that the MCC exhibited a smooth surface, attributed to the removal of lignin and 
hemicellulose, and displayed a significant reduction in size following acid hydrolysis. The measured 
dimensions of MCC indicate a diameter of less than 74 µm and a length of less than 737 µm. 
Thermogravimetric analysis revealed that MCC underwent degradation earlier than watermelon rind, 
reaching its maximum degradation rate at 215°C, as evident in the DTG curve. Furthermore, the 
extracted MCC demonstrated its potential as an effective and economical adsorbent for removing 
dyes from industrial effluents. The effects of contact time and initial dye concentration on its 
adsorption capacity were studied, and the findings revealed that the most effective dye removal, 
reaching 86.32%, occurred when the methylene blue dye concentration was set at 1.5 mg/L. 
Moreover, the efficiency of dye removal experienced a swift rise, escalating from 67.34% to 80.73% 
with an increase in contact time from 20 to 60 minutes, after which the rate of increase notably 
decelerated. The adsorption data was validated using Langmuir and Freundlich isotherm models. The 
Langmuir constant value obtained was 0.8529, and the Freundlich constant value, representing the 
adsorption intensity, was 2.246 mg/g, indicating that dye adsorption by MCC is favourable. 
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The environmentally friendly nature of the MCC adsorbent makes it suitable for decolourisation 
purposes and offers an efficient and cost-effective solution for treating wastewater in the textile 
industry. Moreover, utilising MCC derived from watermelon rind presents a sustainable approach to 
address the disposal issue of watermelon rind waste in future landfills. By repurposing this waste 
material, the study reduces environmental burdens and promotes a circular economy. Moving 
forward, several recommendations are proposed for future research. Additional characterisations, 
such as BET analysis, Zeta potential measurement, and X-ray diffraction, can provide further insights 
into the adsorbent's surface properties and crystalline structure. Conducting further adsorption 
isotherm studies will also enhance the understanding of solute-adsorbent interactions and aid in 
determining optimal adsorption conditions. Moreover, exploring the application of MCC in treating 
different types of wastewater will help assess its potential and versatility. Overall, the findings 
underscore the promising prospects of MCC derived from watermelon rind in various applications, 
including wastewater treatment and waste management. Future research efforts can build upon 
these findings to further optimise the performance and expand the scope of MCC-based adsorbents 
as well as extend to NCC-based adsorbents. These include investigating the effects of adsorbent dose, 
pH, stirring rate, and different times to adsorb dye. 
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