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Abstract  

The present study focuses on the comparative outcomes of the two cationic dyes like malachite green (MG) and methylene blue (MB) on 
moringa leaves powder as a biosorbent. The factors affecting the adsorption process such as initial dye concentration, biosorbent weight, pH 
values, and solution temperature have been investigated. The isoelectric point of moringa leaves powder was determined to determine the charge 
that prevails on its surface under different conditions. The adsorption rate for both dyes is found very high at the initial stages of the process 
and then decreases until it reaches the equilibrium. On increasing reaction temperature from 20 to 500C, the removal of MB dye decreases from 
94.5% to 11.9% respectively. Similarly, for MG dye decrease in adsorption reaches from11.9% to 8.3% in between 200C to500C. This behavior can 
be attributed to the desorption behavior of the adsorbed dye molecules at higher temperature or disintegration of the biosorbents. Both MB and 
MG dyes show enhanced removal % under acidic conditions. MB dye is adsorbed by the biosorbent at pH value of 4 while MG dye gets removed 
at pH value of 6 attributes that both the dyes are removed at acidic pH, with MB dye showing slightly higher acidic conditions than MG dye. The 
differences in adsorption performances between these dyes have been related to the molecular structure of the dyes and the surface chemistry 
of biosorbent.
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Introduction

Dyes are an important class of synthetic organic chemicals 
and are utilized in various sectors. Globally around 450000 tons 
of dyestuffs are produced, and about 40000 distinct synthetic 
dyes and pigments are employed in industry. With two thirds of 
the market, the textile sector is the biggest user of these dyes. In 
addition to the textile industry, dyes are widely used in leather 
tanning, paper manufacturing, food, photography, cosmetics, hair 
coloring, wood staining, agricultural, biological and chemical 
research, light-harvesting arrays, and photo electrochemical cells 
[1] Synthetic dye production and usage on a wide scale causes 
industrial and environmental pollution, which poses a serious  

 
threat to ecological health. Dyes create a significant environmental 
burden through wastewater [2-5]. Up to 50% of the yearly dye 
production is made up of azo dyes, the largest and most versatile 
class of dyes [6].

A small amount of synthetic dye in water (<1ppm) is also 
very visible and affects the smell, clarity, and gas solubility of 
water bodies; hence color is typically the first contaminant to be 
identified in wastewater. Because reactive dyes dissolve in water, 
5-10% of them end up in the dye bath, producing highly colored 
effluent that poses a major threat to the environment. Methylene 
blue (MB) and malachite green (MG) are two commonly used dyes 
in the textile industry. Methylene blue is an organic chloride salt 
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with a formula C16H18ClN3S. It is also called Methylthioninium 
chloride or Swiss Blue. It is a thiazine dye with antioxidant and 
cardioprotective properties. Human health problems that may 
result from MB include methemoglobinemia, cyanosis, jaundice, 
vomiting, respiratory issues, and eye irritation [7-11]. Malachite 
green is a triphenyl methane dye, and is also called aniline green, 
benzaldehyde green, or China green). It is used for its anti-fungal 
qualities in aquaculture, as a counterstain in histology, as a local 
antiseptic in diluted solution. Health problems attributed to 
MG are carcinogenesis, mutagenesis, chromosomal fractures, 
teratogenicity, and pulmonary toxicity.

Globally, environmental scientists have been concentrating 
on creating sustainable and effective systems for managing water 
and wastewater [12,13]. Because of the chemical stability of the 
dyes, conventional wastewater treatment methods are notably 
ineffective for treating wastewater containing synthetic textile 
colors [14]. The main drawbacks of physicochemical approaches 
include their high cost, low efficiency, limited adaptability, 
requirement for specialized equipment [15,16] interference from 
other wastewater constituents, and waste handling. Color can 
be removed with physical procedures, but the dye molecules do 
not break down instead, they get concentrated and need to be 
disposed of properly.

Adsorption is a cost-effective technique among all the 
wastewater treatment techniques [17-19]. Usage of local biowastes 
as an adsorbent for removing toxic dyes and metal ions from 
wastewater [20] is called biosorption. Lignocellulosic biomass 
is the most abundant renewable bioresource on earth with 
annual production estimated to be 1×1010million tons. The term 
“biosorbents” describes a unique class of adsorbents including 
agricultural waste, and bio composites that have garnered much 
attention recently due to their environmentally friendly nature 
and efficiency for adsorbing dyes and heavy metals from textile 
and industrial wastewater. Physical modifications and chemical 
modifications like functionalization may be done to improve the 
effectiveness of biosorbents but it would make them less eco-
friendly. A more porous and rougher adsorbent is produced via 
carbonization and calcination because the high temperature 
causes volatiles in the particle microstructure to escape, leaving 
behind voids that eventually become pores. Additionally, it was 
found that chemical modification may decrease the adsorbent’s 
total surface area but can increase the adsorption capacity 
because of changes to the functional groups, effects on the pH-
controlled solution chemistry, the sorbate-sorbent interphase, and 
an improvement in the biosorbent’s inherent affinity. Activated 
carbon [21] bio composites [22-24] and CNT [25,26] have been 
used as biosorbents effectively but their disposal after use is not 
fully sustainable. Thus, biosorption offers numerous advantages 
over conventional methods. An inexpensive adsorbent is one that 
is easily found in nature [27], is a waste product or by-product 
of industry, and needs little to no processing [28,29]. Numerous 
biological materials have been studied over the years, and these 
include fish scales [30,31], plant leaves [32,33], fruit pods, fruit 

shells [34] microbes [35] tree barks [36], agricultural wastes [37], 
eggshells [38,39] chitosan composites [40] and a different type 
of sand [41] etc. When it comes to removing contaminants from 
wastewater, these biosorbents can be effective substitutes for 
synthetic materials. The surface of biosorbents derived from plant 
leaves is typically quite diverse and uneven, with many voids, 
cavities, cracks, fissures, and these enhance surface sorption.

Materials and Methods

Biosorbent and dyes

Moringa oleifera traces its origin to Northern India and is 
locally grown in many regions like Africa, Arabia, Southeast 
Asia, the Pacific and Caribbean Islands and South America [42]. 
The leaves are the parts that are mostly used because they are 
medicinal, nutritional and have positive economic value. Moringa 
leaf powder was sourced from Naveen Kaya Healthcare Ltd. 
Ahmedabad. It has been abbreviated as MOLP or ML (Moringa 
Olefiera leaf powder). Both the cationic dyes were sourced from 
Sigma Aldrich.

Preparation of Solutions

1ppm solutions of both MB and Mg dye s were prepared 
initially. Solutions required for the various experiments later 
were prepared by successive dilutions with distilled water. A 
Libman UV-Visible spectrophotometer was used to measure 
the absorbance values of the experimental solutions. MB shows 
maximum absorbance at 660nm while MG shows maximum 
absorbance at 616nmpH of the solutions were varied using 
1MHCl and 1MNaOH and pH was measured using Siltronic’s pH 
meter 335 different amounts of MOLP were used for different 
experiments. The amount of metal sorbed by biomass expressed 
as % removal (%RE) was calculated from the difference between 
the initial metal quantity (Co)and the metal ions at equilibrium 
(Ce)using queasy calculated using the equations given below [45]

Removal (%RE) =(Co−Ce)/Co×100

qi(mg/g) =(Co−Ce) V/m

where V is the volume of solution used in liters, and m is the 
mass of adsorbent (g).

Results and Discussion

Various analytical techniques like XRD, SEM and FTIR were 
used to evaluate different aspects of the biosorbent MOLP for 
study of biosorption. Fourier transform infra-red spectroscopy 
(FTIR) is done to determine the functional groups and complexes 
present in the biosorbent that could be responsible for uptake 
of dyes. X-ray diffractometry (XRD) is used to investigate the 
properties of the adsorbent as it relates to the crystalline of the 
material. SEM analysis is even more important in recent times 
where the functionalization of adsorbents and biosorbents is 
a common practice as it can give information of changes on the 
surface morphology (Figure 1a & 1b).
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Figure 1: (a) Structure of Methylene Blue Dye [43].
(b) Methylene Blue Dye (courtesy India Mart).

X-RAY Diffraction

The powder XRD method is used to identify the crystal 
structure. The X-ray diffraction spectrum of MOLP exhibited four 
prominent distinguishable diffraction peaks at angle (2θ) values of 
15.22◦, 21.81◦, 22.92◦ and 22.94◦ indicating both its amorphous 
and crystalline nature [46]. In general, crystalline materials show 
a series of sharp peaks, while amorphous products produce a 
broad peak. The diffraction patterns of MOLP were found to be 

small, which indicates that the crystallite size part of crystalline 
cellulose and hemicellulose is small (Figure 2a & 2b). Since MOLP 
contains many proteins about 30% [47], the X-ray patterns could 
be due to the amorphous nature of native proteins and lipids. 
MOLP also consists of bioorganic substances, including proteins, 
carbohydrates, ash, and minerals. Therefore, a few unassigned 
diffraction peaks observed could be due to these bioorganic 
compounds in the leaf (Figure 3a & 3b).

Figure 2: (a) Structure of malachite green dye [44].
(b) Malachite Green Dye (courtesy India Mart).

Figure 3: (a) Moringa leaves powder (courtesy India mart).
 (b) Moringa Tree (courtesy pang tree).
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Figure 4: XRD spectra of Moringa leaf powder.

FT-IR Spectrum

The spectra were analyzed in the resolution interval of 400-
4000cm-1. For Moringa olefira leaves powder, the spectrum is 
shown below Figure 4. The dip at 1062cm-1 corresponds to the 
C-OH stretching vibration while the dip at approximately 1577cm-

1 is attributed to C==C symmetrical stretching [48]. The peak at 
1650cm-1 is due to C=O stretching vibrations. The dip at 2913cm-1 
represents the C-H stretch and hydroxyl group showing the O-H 
stretch respectively Figure 5. The dip at 3742cm-1 is due to O-H 
stretching. Functional groups containing oxygen are essential in 

absorbing methylene [49].

Surface Morphology of Moringa Leaves

The surface morphology of MOLP was examined from SEM 
photographs and it was found that MOLP has heterogeneous and 
relatively porous morphology. The material exhibited a rough 
surface with several blocks of pores of different sizes. The image 
shows a highly microporous structure and extensive surface area 
which resembles a honeycomb full of cavities having capacity to 
absorb more dye Figure 6.

Figure 5: FT-IR spectrum of MOLP.

Photocatalytic Response

Effect of biosorbent dosage

As biosorbent dosage increases, keeping all the other 
parameters at constant value, the removal capacity of MOLP 
decreases with respect to both MB and MG dyes as shown in 

(Figure 7a & 7b). At lower biosorbent concentration of .0025g as 
shown in (Figure 7c & 7d) for MG, it is assumed that the number 
of active sites is higher. With the increase in adsorbent dosage 
to 030g, the active sites of the dye molecules get exhausted and 
aggregation of particles of biosorbent take place. The removal 
capacity falls from 14mg/g to 1 mg/g at the given concentrations. 
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Same is the case with MB dye. The removal capacity qi (mg/g) is 
0.6mg/g at .05mg of MOLP which falls to 1mg/g at 0.2g of MOLP. 
As a result, removal efficiency of dye decreases. Also, at high doses 

of adsorbent, the available number of dye molecules in solution 
was not sufficient to combine with all the adsorbent sites leading 
to a decrease in adsorption capacity [50].

Figure 6: SEM image of moringa oleifera with highly microporous structure.

Figure 7(a): Removal capacity vs mass of MOLP for MB dye.

Figure 7(b): Removal capacity vs mass of MOLP for MG dye.
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 Figure 7(c): Variation of dose of MOLP with 1ppm MB dye.

Figure 7(d): Variation of dose of MOLP with 1ppm MG dye.

Figure 8: (a) Removal percent of MB dye with MOLP.
(b) Absorbance of MOLP in MG dye at different time intervals.
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Figure 9(a): Isoelectric point of MOLP.

Figure 9(b): Comparison of dye removal percent of MOLP for both MB and MG dye.

Figure 9(c): Adsorption of MOLP at different pH for MG dye.
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 Figure 9(d): Adsorption of MOLP at different pH for MB dye.

Figure 9(e): Removal percent vs pH for MOLP with MB dye.

Effect of Contact Time

Time of contact is an important factor for biosorption. As 
time of adsorption changes from 5 min to 60min, efficiency first 
increased from 35 to 66% and further decreased to 60% and 
afterwards a fall is observed. As time progresses the surface of 
the adsorbent gets covered completely and there is no further 
scope of adsorption due to saturated interface (Figure 8a & 8b). 
The removal efficiency and adsorption capacity of MOLP initially 
increase with time of contact time between the adsorbent and 
adsorbate is now longer than the ideal contact time, shows the 
relationship between adsorbent contact time and percentage of 
dyes removed.

Effect of pH

The isoelectric point (Pi) is the pH value at which the molecule 
carries no electrical charge. The Isoelectric Point has its profound 

impact on the molecule’s solubility and its interactions with 
other molecules. For instance, if the pH of a solution is greater 
than the Pi of a molecule, the molecule carries a negative charge. 
Conversely, if the pH is below the Pi, the molecule will have a 
positive charge. At the Pi, the molecule has no net electrical charge 
and tends to precipitate out of the solution. From the view of the 
adsorbent, if the pH is below the plc. value, the surface charge of 
adsorbent would be positive so that the anions can be adsorbed 
[51] Conversely, if the pH is above the plc. value, the surface charge 
would be negative so that the cations can be adsorbed. Figure 9a 
shows us that Pi of MOLP is 2. If the solution is basic, MOLP carries 
a negative charge and hence facilitates the adsorption of cationic 
dye molecules. If the pH of the solution is less than 2, MOLP carries 
a positive charge, and the cationic dye molecules face repulsion 
and adsorption decreases as is observed here.

It is observed that in case of MB dye maximum removal is seen 
at pH 4(37%) as per (Figure 9b & 9c) while in case of MG it is pH 6 
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(45.6%) which is above the isoelectric point of MOLP. As we move 
towards basic conditions the removal percentage comes down to 
12.7%and 14.7% respectively for MB and MG dye (Figure 9d & 9e).

Effect of Initial Dye Concentration

Various dye solutions (1ppm, 2ppm, 3ppm, 4ppm, 5ppm 
and 8ppm) were used in the biosorption experiment. Initially, 
the rate of adsorption was found to be quite high i.e. 90% when 

the concentration of MB dye was 0.1ppm and later on when MB 
concentration was increased to 0.5ppm, the removal percent 
came down to 50%.The removal capacity of MG dye was found to 
be minimum at 4ppm conc while for MB dye it was found to be 
minimum at.3ppm as seen in (Figure 10a & 10b). The increase in 
the number of dye molecules increases the competition between 
dye molecules for available fixed binding sites [52].

Figure 10(a): Comparison of qi(mg/g) for both MB and MG dyes.

Figure 10(b): Absorbance of MB dye at various concentrations.

Effect of Temperature

The change in temperature is an important factor in the dye 
removal process. It affects the solid-solute interface and mobility 
of pollutants during adsorption [53]. In this study, the efficiency of 
both MB and MG adsorptions decreased with increasing solution 
temperature (Figure 10c & 10d). This situation may be due to 

shrinkage and alteration of active sites on the adsorbent at a higher 
temperature thus reducing the active adsorbent surface. This may 
cause dyes to leach into the solution due to a higher separation 
between the dye molecules and the adsorbent at high temperature 
in Figure 11a. This demonstrated that both MB and MG adsorption 
is an exothermic process that favors low- temperature solutions 
[54, 55].
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Figure 10(c): Absorbance of MG dye at various concentrations.

Figure 10(d): Removal percent vs concentration of MB dye.

Figure 11(a): Bar graph showing effect of temperature on removal of MB and MG dyes.
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Figure 11(b): Removal capacity with temperature for MB dye.

Figure 11(c): Absorbance for MG dye at different temperatures.

The influence of temperature on the adsorption capacity 
is shown in Figure 11b. The removal percentage of MB dye was 
found to be 90% at 200C but fell to 25 %at 300C indicating that 
the adsorption was exothermic in nature.

The MOLP biosorption is affected by moderate temperatures 
at medium temperatures (20-35°C) and greatly at higher 
temperatures, and it is believed that the bio sorbent can be 
severely denatured at increased temperature [56]. We must 
consider that the increasing temperature of adsorbate solution 
may not necessarily increase active sites over the surface of the 
adsorbent but may create a new pathway that increases the 
rate of adsorption of the adsorbate on the adsorbents including 
biosorbents [57]. From the figure, (Figure 11a) we can see that 
the increase in temperature brings about a decrease in adsorption 
efficiency and capacity, but maximum removal is in the range 20-
250C which is economically advantageous as both MG and MB 

removal can be conducted at environmental temperature without 
additional costs [58].

Conclusion

In summary, the moringa leaf powder was used as bio sorbent 
and it has been initially characterized by XRD, FT-IR and SEM. The 
photocatalytic response has been executed using two dyes MB 
and MG. It has been observed that both the dyes were removed 
efficiently at low pH and low temperature. The high yield of 
adsorption has been obtained for MB dye in Figure 11c. The 
need for recovery and regeneration of the biosorbent depends 
on the cost of adsorbent recovery and the effect of solute on the 
environment and methods of disposal. In industrial usage, the 
ability of a biosorbent to be reused is important for the removal of 
dyes from wastewater. The cost of adsorption gets reduced by the 
adsorbent’s capacity to regenerate and reuse itself without causing 
any major changes to its adsorption efficiency and capacity.
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