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ABSTRACT
Paper industries will be using different kinds of dyes for producing various kinds of paper.  Rhodamine–B 
(Rh-B) dye is one of the major sources of color effluents from textile and paper dyeing industries, and they 
cause long-term effects on an aquatic environment. So this work mainly focused on the synthesis of carbon 
nanoparticles from neem leaves, characterization, and its adsorption and photocatalytic action against 
Rh-B dye. In this study, Carbon nanoparticles (NPs) from neem leaves were synthesized for adsorption 
and photocatalytic degradation of Rh-B dye used in paper industries. The synthesized carbon NPs were 
characterized by the powder X-Ray Diffraction and Scanning Electron Microscopy. The adsorption and 
photocatalytic properties of carbon NPs were examined for 1 hour by studying the degradation of the 
Rh-B dye at every 5 minutes time interval through a UV-Visible spectrophotometer. The results obtained 
show that carbon NPs acts as better adsorbents than photocatalysts.
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INTRODUCTION
Water  is one of the  most important natural 

resources  for the existence of life. In many 
countries, most water sources are untreated. The 
major causes are  untreated sewage, industrial 
effluents, the dumping of garbage, open sewage 
drains, and a lack of sufficient sewage treatment 
plants. Usage of untreated water causes low to high 
severe effects to water sources, soil resources, and 
living beings. The major part of pollution is from 
industrial wastes due to the usage of organic and 
inorganic dyes [1]. The commonly employed dye 
substances in paper industries[2] are Acid orange, 
Brown dye, Red dye, Paper yellow, Methylene Blue, 
Victoria Pure Blue,  Malachite Green Crystals, 
Methyl Violet, Rhodamine-B, Auramine O [3]. 

Out of these, Rhodamine-B (C28H31ClN2O3) 

(Fig.1) is a xanthene cationic dye, which functions 
as a water tracer fluorescent. It is used as a staining 
fluorescent dye[4]. It is severely harmful when 
swallowed, with acute oral toxicity, causes serious 
eye damage or irritation, hazardous to the aquatic 
environment with long-term side effects[5,6].

Rh-B is an organic chloride salt having N-[9-(2-
carboxyphenyl)-6-(diethylamino)-3H-xanthen-3-
ylidene]-N-ethyl ethanaminium as the counterion. 

Even at low concentrations, these Rh-B dyes 
can be harmful and they cause long-term effects 
for an aquatic environment and also human 
health. Therefore high-priority environmental 
research attention has been evolved to develop 
an alternative solution removing these organic 
pollutants [7] from the aqueous solution[8-9]. The 
possible methods are precipitation, adsorption, 
photocatalytic degradation, ion exchange, reverse 
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osmosis, solvent extraction, and chlorination [10]. 
Among many of the dye effluent removal 

methods, adsorption is gaining more attention due 
to its low energy consumption, high selectivity at a 
molecular level, potential efficiency, and ability to 
separate various chemical compounds. Especially, 
adsorption of dyes [11] by activated carbon and 
its composites is one of the simplest and most 
economical ways of removing Rh-B dyes from 
wastewater. 

Earlier studies [12-13] reported that 
photocatalytic activity has proven its performance 
in degrading the persistent organic dye pollutants 
with the help of light absorption in the water 
[14-15]. However, photocatalytic degradation 
performance depends on various factors such 
as composition and its microstructure, size, and 
surface morphology. In recent days, nanomaterials 
are used as a photocatalyst to degrade organic 
pollutants [16-17]. Even tiny nanoparticles are 
capable to form active sites of support materials 
through oxide-support interaction [18]. This 
would increase the overall surface area of the 
photocatalyst, and the support materials can act 
as a sink of electrons. Carbon-based nanoparticles 
are photocatalysts, but there is some limitation 
due to which they were not used commercially 
applications [19-21].

The Neem tree (Azadirachta indica A. Juss) 
is a tropical evergreen tree. For many decades, 
the neem tree is traditionally popular for its 
medicinal value. In Asia, beyond the wide 
usage at the Indian subcontinent, the neem tree 
products are efficiently used by various African 
countries as a remedial resource for therapeutics, 
preservatives, and insecticides. Also, neem leaves 
are the natural source of chemical compounds like 
flavonoids, polyphenols, isoprenoids, sulfur, and 

polysaccharides, which play an important role in 
scavenging the free radical. Neem leaf is the best source 
of medicinal treatments for  eye  disorders,  bloody 
nose, intestinal worms,  stomach  upset, 
skin ulcers, fever, diabetes, gum disease, and liver-
related issues.

It is mandatory to treat industrial effluents for 
a healthy future. Hence, in this work, a proposal 
for utilizing the carbon NPs synthesized from 
neem leaves to remove Rh-B dye is presented by 
adsorption and photodegradation methods.

MATERIALS AND METHODS
Synthesis of Carbon Nanoparticles

Carbon NPs are synthesized from Neem leaves 
as depicted in Fig 2. Initially, fresh neem leaves are 
collected; cleaned with distilled water and then these 
washed leaves were soaked in dilute hydrochloric 
acid (0.1N) for about 3-4 hours. After the soaking 
process, the color of the neem leaves was turned 
black. These black leaves are dried in a hot air oven at 
120°C for 3-5 hours. The dried powder was collected 
and preserved for further analysis. 

Adsorption study on Rh-B dye
In this work, the Rh-B dye is chosen for 

adsorption study [22-23] and its chemical structure 
is shown in Fig. 1.  Using the decreased UV 
absorbency of the Rh-B solution, the adsorption 
performance of the carbon NP was estimated. The 
concentration of the Rh-B solution prepared for 
adsorption was maintained at 5 ppm. Then, 100 
ml Rh-B solution is sonicated with 5mg of the 
synthesized carbon nanoparticle to gain better 
adsorption activity. Now, for 1 hour at a regular 
time interval (every 5 min), the absorbance of the 
Rh-B solution was measured by using a UV-Vis 
spectrophotometer.

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1  Molecular Structure of Rhodamine – B Dye
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Photocatalytic study on Rh-B dye
The photocatalytic activity of carbon NPs was 

conducted by the degradation of Rh-B dye as the 
model of pollutants under UV light irradiation [24-
25]. The solution containing photocatalysts was 
exposed to UV irradiation during this activity by 
using four visible fluorescent lamps and four UV 
fluorescent lamps. Now, 75 mL of the Rh-B dye 
solution with 5 ppm concentration was sonicated 
continuously with 5mg of carbon nanoparticle 
in a 100 mL cylindrical Pyrex vessel reactor. This 
reaction was initiated by energizing the light 
source. During this process, for 1 hour at a regular 
time interval (every 5 min), a 5ml of dye solution 
resulted in 10 solution samples. To examine Rh-B’s 
degradation, the UV-Vis spectra of the collected 
samples were recorded in the air atmosphere at 
room temperature by using a double beam UV-Vis 
spectrometer (Model UV-100 Super spec).

Characterization of synthesized carbon NPs
To characterize the surface morphology of the 

synthesized carbon NPs, the Scanning Electron 
Microscope (SEM)-EVO18 (CARL ZEISS) was 
used. SEM is a popular method for scanning the 
surface with a focused electron beam to create 
high-resolution imaging of the surfaces. This SEM 
can be employed to characterize the nano-scale 
materials too. The collected carbon NP samples 
were placed in an evacuated chamber and scanned 
in a controlled pattern by interacting with an 
electron beam. As a result of the interaction of this 
electron beam with the carbon NPs, it produces the 

SEM images of carbon NPs.
X-ray diffraction  (XRD) is one of the most 

extensively used techniques for the characterization 
of NPs. Most commonly, X-ray diffractometer D8 
Advance ECO (Bruker) is used to study the grain 
size of carbon NPs. This XRD can distinguish the 
crystalline structure based on the nature of the 
phase, lattice parameters, and crystalline grain size. 
The nanocrystalline size of the grain is evaluated by 
using the Scherrer equation [26-29] by broadening 
the most intense peak of an XRD measurement 
for a specific sample. The crystallite size here 
corresponds to the size of the grains of carbon NPs 
for the respective diffraction peak. 

RESULTS AND DISCUSSION
SEM Analysis of carbon NPs

Based on the morphological studies of the 
synthesized carbon NPs with SEM analysis, the 
resultant SEM image was obtained through the 
interaction of electron beam with carbon NPs as 
depicted in Fig.3. It is observed that the synthesized 
carbon NPs formed a well dispersed and evenly 
distributed surface morphology structure in all 
directions. From this observed result, it can be 
shown that the synthesized carbon NPs have a 
smooth and uniform surface. This study further 
examined that, there is no contamination present 
with the carbon NPs.

XRD Analysis of carbon NPs
The crystalline structure of the synthesized 

carbon NPs in terms of XRD pattern analysis was 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

Fig.2 Process cycle of synthesis of Carbon Nanoparticle
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portrayed in Fig.4. 
As depicted in Fig. 4 for the synthesized carbon 

NPs the XRD pattern was observed with 2Ө values. 
The diffraction angles such as 16 ͦ 58`, 18 ͦ 93`, 30 ͦ 
15`, 39 ͦ 96`, are indexed to the 221, 100, 111, 220 
crystal planes. The average size of the synthesized 
carbon NPs was calculated using the following 
Scherrer’s equation [26-29].
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    D =  kλ
βcosӨ           (1)  

where,   D – Particle in size,  

k – Scherrer’s coefficient, 

λ – Wavelength of  the X-ray source (1.5406nm),  

β – Full-Width Half Maximum (FWHM) and 

Ө – diffraction angle 

Based on Scherrer’s equation, the average size of carbon NPs is estimated as 6.78nm. This 

XRD analysis further helped to prove that synthesized carbon NPs are spherical by utilizing the 

indexed crystal planes.  

Adsorption of dye pollutant by carbon NPs 

For adsorption activity, the adsorption of Rh-B dye pollutant by the synthesized carbon NPs 

was examined using UV–Vis spectra. During this examination, the adsorption peaks of the 

synthesized carbon NPs on the collected Rh-B solution samples were illustrated in Fig.5. Up to 

30 minutes, the activity was measured at 5 minutes time interval. Then the interval is increased 

to 10 minutes, till the end. After 5 minutes the concentration of the dye solution is 23.17% and 

the absorbance maximum is 0.510 (Table 1). But this value constantly decreases. After 60 
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Ө – diffraction angle
Based on Scherrer’s equation, the average size 

of carbon NPs is estimated as 6.78nm. This XRD 
analysis further helped to prove that synthesized 
carbon NPs are spherical by utilizing the indexed 
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Fig. 3 SEM images of  Carbon NPs

Fig. 4.  XRD Pattern of Carbon NPs
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NPs was examined using UV–Vis spectra. During 
this examination, the adsorption peaks of the 
synthesized carbon NPs on the collected Rh-B 
solution samples were illustrated in Fig.5. Up to 
30 minutes, the activity was measured at 5 minutes 
time interval. Then the interval is increased to 
10 minutes, till the end. After 5 minutes the 
concentration of the dye solution is 23.17% and the 
absorbance maximum is 0.510 (Table 1). But this 
value constantly decreases. After 60 minutes, the 
intensity of absorbance reaches 0.066, nearly 0 and 
the corresponding concentration is 3% only.

From the spectra, it is distinguishable that 

the intensity of the characteristic peak of Rh-B 
observed at 500nm decreases concerning the time 
after adsorption with the synthesized carbon NPs. 
The adsorption of the Rh-B by the carbon NP can be 
visualized manually through the color degradation 
by seeing Fig. 6. The Rh-B dye is degraded to 97% 
after 60 minutes. The degradation percentage of 
Rh-B dye has been calculated using equation (2) 
with Beer-Lambert`s law and values are listed in 
Table 2.

Degradation Percentage (ⱷ) = 0 t

0

C C *100
C

 −
 
 

             (2)

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

S.No Time 
(min) 

Adsorption Photocatalytic Activity 

Abs 
(a.u.) 

Conc 
(%) 

Abs 
(a.u.) 

Conc 
(%) 

1 0 0 100 0 100 

2 5 0.510 23.17 0.592 26.9 

3 10 0.443 20.13 0.542 24.63 

4 15 0.425 19.31 0.480 21.81 

5 20 0.387 17.58 0.436 19.81 

6 25 0.319 14.49 0.384 17.45 

7 30 0.222 10.09 0.326 14.81 

8 40 0.149 6.77 0.272 12.36 

9 50 0.102 4.63 0.229 10.40 

10 60 0.066 3.00 0.130 5.91 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5  UV – Visible spectra of Rh-B with C NPs at a time interval of 5 minutes from 0 to 60 minutes by adsorption studies

Table 1.The absorbance value with the concentration of the solution for adsorption and photocatalytic processes
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where C0 – initial concentration of dye solution,

Ct – concentration of dye with respect to time t.
It is concluded that the reduction in the 

concentration of the dye up to 97% of the initial 
concentration was due to the adsorption of Rh-B 
dye pollutants by the carbon NPs.

Photocatalytic degradation of dye pollutant by 
Carbon NPs

The solution containing Rh-B and the 
carbon NP was exposed to UV irradiation by 
using fluorescent lamps for the photocatalytic 
degradation of the dye molecule. Now, 75 mL of 
the Rh-B dye solution with 5 ppm concentration 
was sonicated continuously with 5mg of carbon 
nanoparticle in a 100 mL cylindrical Pyrex vessel 
reactor. This reaction was initiated by energizing 
the light source. During this process, for 1 hour 
at a regular time interval (every 5 min), a 5ml of 
dye solution, resulting in 10 solution samples. To 
examine the degradation of Rh-B, the UV-Vis 
spectra of the collected samples were recorded in 
an air atmosphere at room temperature by using a 

UV-Vis spectrometer. Under UV-light irradiation, 
the photocatalytic performance of the synthesized 
carbon NPs was examined by the degradation of 
Rh-B dye molecules [30]. Similar to the adsorption 
study, here also, the photocatalytic degradation 
peaks are illustrated in Fig. 7. From these spectra, 
the intensity of the characteristic peak of Rh-B 
observed at 500nm decreases with respect to the 
time for the synthesized carbon NPs. At first, i.e. 
after 5 minutes the concentration of the dye solution 
is 26.9% and the absorbance maximum is 0.592 
(Table 1). But this value constantly decreases for 
every 5 minutes time interval. It reaches 0.130 after 
60 minutes and the concentration is 5.91%. 

It is observed that, for the same time interval 
of examination as adsorption, 94% of the initial 
concentration (Table 2) has been reduced due to the 
photocatalytic degradation of Rh-B dye pollutant 
by the synthesized carbon NPs.

KINETICS
Fig. 8 showed the time course of Rh-B 

degradation on synthesized carbon NPs by 
adsorption and photocatalytic degradation 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

S.No. Time 
(in min) 

Adsorption Activity Photo catalytic Activity 

C ⱷ -ln C/C0 C ⱷ -ln C/C0 
1 0 100 0 0 100 0 0 
2 5 23.17 76.83 1.46 26.9 73.10 1.31 
3 10 20.13 79.87 1.60 24.63 75.37 1.40 
4 15 19.31 80.69 1.64 21.81 78.19 1.52 
5 20 17.58 82.42 1.74 19.81 80.19 1.62 
6 25 14.49 85.51 1.93 17.45 82.55 1.75 
7 30 10.09 89.91 2.29 14.81 85.19 1.91 
8 40 6.77 93.23 2.69 12.36 87.64 2.09 
9 50 4.63 95.37 3.07 10.40 89.60 2.26 
10 60 3.00 97.00 3.51 5.91 94.09 2.83 

 

Fig.6  Rh-B dye Adsorption with synthesized C NPs:: Concentrations of the solutions

Table 2. Percentage of degradation of Rh-B dye through adsorption and photocatalytic activity
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processes respectively. Based on the UV irradiation 
time intervals, as clearly highlighted in Fig. 8, the 
adsorption process has significantly degraded 
the Rh-B due to C NP’s nano size, high porous 
structures, in terms of area, pore-volume, and pore 
distribution, as compared to the photocatalytic 
process results. The adsorption equilibrium was 
achieved after 40 min. The graph matches the 
physical adsorption curve of Longmuir. But in the 
photo catalysis process, the low performance of 
degradation compared to the adsorption process 
may be due to the rise in temperature bypassing 
the light radiation. This may cause a desorption 
process. So, the C NPs act as a better adsorbent 
than the photo catalytic degrader.

CONCLUSION
As the world’s 2nd largest populated country, 

the paper and textile industries are growing in 
number. Hence, a huge amount of water resources 
are contaminated by the discharge of dyes used 
in those industries. The removal of Rh-B which 
is one of the commonly used industrial dyes, 
with carbon NPs synthesized from neem leaves 
as adsorbent has been experimented with. The 
proposed adsorption method has significant 
removal efficiency of up to 97% in minimal time 
i.e., 60 minutes, and also the synthesis of carbon 
NPs is cost-effective. Hence, this can be adopted 
in the industries for the waste water treatment 
process.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.7   UV – Visible spectra of Rh-B with C NPs at a time interval of 5 minutes from 0 to 60 minutes

 

  
 

 
 

Fig. 8  Time course of Rh-B  adsorption on Carbon  NPs for both adsorption and photocatalytic degradation 
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