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Abstract
The treatment of the coloured effluents is gaining huge attention in recent 
years. Use of nanomaterials to treat wastewaters have been the subject  
of active research and development worldwide in recent years. To outcome  
of experimental findings on degradation of methyl orange by MgO 
nanoparticle through adsorption and nano photocatalysis are presented 
in this paper. The effects of pH, stirring/contact/irradiation time,  
dye concentration, adsorbent dosage is investigated. At the optimum 
conditions of experimentation, 63.9% and 72.3% of methyl orange removal 
by nano photocatalytic and adsorption process are recorded. The analysis  
of adsorption isotherms indicated that the experimental data fitted very will 
built both Langmuir and Freundlich isotherms.
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Introduction
R e m o v a l  o f  d y e s  f r o m  w a s t e w a t e r s 
discharged from industries liketextile, leather 
tanning, pharmaceuticals, cosmetics, pigment 
etc is an important and challenging task.  
This is because the complex aromatic structure of 
dyes makes them more stable and more difficult  
to remove from wastewater. Several physico 
chemical and biological methods viz coagulation  
and flocculation, biosorption, ultrafiltration, cation 
exchange membranes, electrochemical degradation, 
ozone treatment etc. have been used for removal  
of dyes from wastewaters.

Further the researchers opined that these methods 
suffer with major draw backs cannot be employed 
for efficient and satisfaction, cost effective treatment 
of coloured effluents. This necessitated the 
development of advanced technologies to address 
the safe disposal of dye effluents.

The researchers opined that the photocatalytic 
processes and nanomaterials can prove economical 
ecological friendly in treating waste streams. 
Nanotechnology has been considered effective 
in solving wastewater treatment and disposal 
problems.
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Amin et al; (2014) reviewed the application  
of nano materials in removing pollutants from water/
wastewaters. In particular, removal of dyes from 
wastewaters by nanomaterials is reviewed.

Dharmendra et al (2008) presented a paper 
on “Application of nanoparticles in wastewater 
treatment” researchers across the globe published 
papers on feasibility of using nanomaterials.  
The results indicated the higher degradation  
of the colour by zinc oxide they inferred that the 
main reason for this is zinc oxide absorbs large 
fraction of the solar spectrum compared to titanium 
dioxide. Amongst the various advanced techniques 
employed for wastewaters treatment, photocatalysis 
is regarded as most viable one. Catalyst may 
accelerate the photo reaction by interaction  
with the substrate in its ground or exited state 
depending upon the mechanism of photoreaction. 
Even though the research addressing photocatalytic 
degradation and nanotechnology is in progress 
across the globe, the technologies are wastewater 
specific and are functions of many experimental 
variables. This paper focus on the use of MgO 
nanoparticle in the photocatalytic decolourisation 
of methyl orange and also simply as a nanoparticle.

Materials and Methods
Synthesis of Magnesium Oxide (Mgo)
Nanoparticles
The synthesis of nanoparticle is carried out as 
per the procedure given by Daniel and Shobha 
(2015). These nanoparticles are synthesised by a 
chemical method. 6g Mgcl2 and 2g Surfactant Sds  
(Sodium dodecyl Sulphate) are mixed in 100  
ml of double distilled water. This mixture is added 
into 0.4 N NaOH solution and constantly stirred on  
a magnetic stirrer for about 2h by maintaining the 
pH 11. Further precipitate of Mg (OH)2, white in 
colour is rinsed thoroughly with carbonated water.  
The precipitate is then desicated at 120oC for 2h then 
calcinated for 5 hours in a muffle furnance at 800oC. 
The contents are then allowed to cool to attain room 
temperature and to obtain granular nano MgO.

Photocatalytic Experiment
A set of photocatalytic degradation experiments 
are conducted in Borocil Silicate gas cylinder  
(Photo reactor) under UV light irradiation.  
The light source is mercury lamp of 125 watts. 
The experiments are performed at ambient 

temperature the experiments are conducted  
to evaluate optimum photocatalytic condition such 
as pH, Irradiation time, Initial concentration of time 
but keeping constant photo catalytic dosage of 0.3 
g/L. The reactor is placed on a magnetic stirrer and 
contents are stirred during irradiation to keep the 
suspension homogenous. After specific pre decided 
times of irradiation suitable aliquiots of samples  
are withdrawn and analyzed after centrifugation 
using UV Spectrophotometer.

Batch Studies
The batch studies are conducted in an open 
atmosphere at room temperature. 100 ml of coloured 
sample of predecided colour concentration (10,40,70 
and 90 mg/L) is taken in a clean dry conical flask.  
By adding acid or alkali the pH of the sample 
is adjusted. To discontented in a conical flask 
adsorbent (MgO) dosage at the rate of 0.3 g/L 
added. The contents of the flask are stirred  
by using glass rods fol lowed by shaking  
at 140 rpm in a shaker for selected stirring time  
(varied from 15 to 60 min). Further the treated dye 
solutions are centrifuged for 5 minutes at 3000 rpm 
to exclude the adsorbent particle if any. The clear 
solution is piped out and the rate of decolorization  
is measured using UV Spectrophotometer employing 
an optimum wavelength of 465nm. By using a 
calibration curve prepared for methyl orange, 
percentage of decolorization is determined.

Adjustment of pH
pH of aqueous coloured samples (3 to 9) are 
adjusted by using H2SO4 or NaOH as applicable.

Preparation of Aqueous Coloured Samples
Commercially available methyl orange dye  
is procured from colour text by dissolving 1g of 
dye in 1litre of double mineral water the stock 
solutions of concentration 1000 mg/L is prepared.  
Further by diluting calculating the quantity  
of assortment using double distilled water colour 
concentration of samples adopted for present work 
are prepared.

Environmental Importance of Mgo
Magnesium oxide nanoparticles are also known 
to have a number of benefits, including low 
phytotoxicity, thermal stability, non-genotoxicity, 
and non-biotoxicity to people, making them ideal 
for a variety of applications. MgO nanoparticles 
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play an important role in environmental remediation  
by treating waste water, industrial and domestic 
waste, soil sediments, and air pollution. Magnesium 
oxide nanoparticles have a variety of properties, 
including anti-biofilm activity, self-cleaning activity, 
and the ability to remove phosphorus from 
wastewater, which is a reason for plant growth 
inhibition.

Results and Discussions 
The findings of Batch studies under varied 
experimental condition are showed in fig 1,2,3 and 
4. Based on the analysis of experimental findings 
the inferences are drawn and documented on below.

Fig. 1: Effect of Stirring time on Removal efficiency of Colour (Batch Studies;Co=10 mg/L)

Fig. 2: Effect of Stirring time on Removal efficiency of Colour (Batch Studies; Co=40 mg/L)

Fig. 3: Effect of Stirring time on Removal efficiency of Colour (Batch Studies; Co=70 mg/L)

Fig. 4: Effect of Stirring time on Removal efficiency of Colour (Batch Studies; Co=90 mg/L)
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The Effect of PH on Adsorption
In the present studies the optimum removal  
is recorded at pH 5 (acidic medium) under all varied 
condition of experimentation. It is opined that at the 
lower pH adsorbent surface become protonated.

Effect of Initial Dye Concentration
The effect of initial dye concentration in the range  
of the 10 to 90 mg/L is investigated presented in bar 
charts (figure 1 to 4) decreasing percentage removal 
with increasing the initial concentration as been 
adsorbed. These values at optimum pH and stirring 
of 5 and 60 minutes respectively are found to vary 
from 63.9% (Co=10 mg/L) to 50.7% (Co=90 mg/L). 

Effect of Stirring Time
The plots revealed the increase in the rate  
of adsorbent with increase in stirring time from  
15 to 60 min. This is attributed to more energy 
provided by stirring which might have brought 
the colour molecules from the bulk of the solution  
to active site of the adsorbent. Thus, the maximum 
removal efficiency of methyl orange by MgO 
nanoparticle is found to be 63.9%, the optimum 
experimental conditions being, Co=10 mg/L, stirring 
time=60 min and pH-5.

Photocatalytic Studies
The outcome of nano photocatalytic studies carried 
out to access the nano photocatalytic degradation 
of methyl orange using MgO nano particle under 
varied experimental condition are presented in figure 
5. An attempt as been made to analyse the effect 
of irradiation time, pH and initial dye concentration.  
The discussions are documented as below.

Effect of PH
pH is the operating parameters which affect the 
adsorption of pollutants by the photocatalytic  
on their surfaces. pH affects the charge on the 
catalyst particle and the position of conductance and 
valence bonds (Abdul Raheem et al;2012)

Further the literature review revealed that the 
interpretation of efficiency of photo degradation 
process with respect to pH is very complicated 
process, because of multiple roles of pH. Possible 
reaction mechanisms involved in photocatalytic 
process of pollutant covering oxidation and 
reduction, point of zero charge of the photo catalyst, 

ionic specifications etc. are discussed or published 
by various researchers.

Photocatalytic effect of pH as degradation of colours 
(Azo dyes, anionic dyes, organic dyes, reactive dyes 
etc) has been studied by investigators. The studies 
revealed that effect of pH on removal efficiency  
of colours is a function of photo catalyst and colour 
in particular.

Byrappa et al; (2006) based on their studies on 
the photocatalytic degradation of Rhodamine  
B dye using ZnO nanoparticle reported high 
degradation efficiency at neutral pH as well as 
good degradation at extreme acidic and alkalic pH.  
Also reported higher degradation efficiency  
of reactive violet 5 at both solution pH of less than 
5 and greater than 9. They inferred that in alkaline 
solution is likely to be adsorbed on negatively 
charged nano particle surface and in acidic 
conditions on positively charged nano particle 
surfaces.

Further the studies also observed no considerable 
change in process efficiency over a wide range  
of pH 4 to 8 in photo catalytic degradation of 
anionic dye by TiO2 nano catalyst. However, the 
presence studies shown optimum removal of methyl 
orange at acidic pH of 5 under all varied conditions  
of experimentations.

Effect of Irradiation Time
Figure 5 shows the relationship between the 
photodegradation efficiency of methyl orange and 
the irradiation time. It can be clearly seen that the 
discoloration and deterioration rate increase as the 
irradiation time increases, and these trends have 
been reported by many investigators worldwide.  
On thus results in higher efficiency with higher 
irradiation time. In the present work maximum 
photocatalytic degradation of methyl orange by 
MgO nano particle is observed at irradiation time 
of 50 minutes and removal efficiency at irradiation 
time of 10 minutes.

Effect Of Initial Dye Concentration
Inpresent workinfluence of initial dye concentration 
varying from 10 to 90 mg/L at different pH  
of the solution and irradiation time are tried.  
The results of experimentation as presented in  
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figure 5 revealed the inverse relationship between  
the initial concentration and removal efficiency 
maximum and minimum removal efficiencies of  
72.3% and 59.3% respectively are recorded 
under the optimum condition of experimentations 

corresponding into the initial dye concentration  
of 10 mg/L and 90 mg/L respectively. Same 
trends are reported by Saktivel et al;(2003),  
Sampa and Binyl (2004), Abdul Raheem et al; 
(2012).

Fig. 5: Effect of Irradiation time on Removal efficiency of Methyl Orange at various  
Initial dye Concentrations
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Adsorption Isotherms Studies
Amongst the various adsorption models, Langmuir 
and Freundlich models found to have wider 
applications.

The concept, theory and applications are in-depth 
discussed and published by researchers and 
could be found in literature. But here in this paper  
an attempt has been made only to highlight  
equations of these isotherms, determination  
of constants and validity.

The Langmuir model can be represented by the 
equation:

Ce/qe =1/qmb+Ce/qmax

The linear plots of Ce/qe V/S Ce suggest the 
applicability of Langmuir isotherm. The qmax is 
determined by slope and b will be the intercept  
of the line.

To predict whether the Langmuir type of adsorption 
is favorable or unfavorable, a dimensionless 
equilibrium parameter, denoted by RL is also 
known as separation factor. The following equation  
can be used for calculating RL.

RL=1/1+bCo

The value of RL between 0 and 1 indicate the 
favorable condition.

Freundlich isotherm is an exponential equation  
and can be 

qe = KfCe 1/n

The equation can be rearranged as below;

logqe = logKf + 1/n logCe

where qe and Ce are same as defined for Langmuir 
isotherm

A plot of logqe V/SlogCe yields a straight line, where
in slope represents 1/n and intercept represents 
logKf. Values of 1/n<1 indicate the favourable. 
Further R2 values close to 1.0 validate the above two 
isotherms. The data obtained by the experimentation 
in the present study is used to plot Langmuir and 
Freundlich isotherms under shown in figure 6 and 7.

Fig. 6: Freundlich isotherm

Fig. 7: Langmuir isotherms

Further the isotherms constants calculated from 
the table 1. RL and 1/n values are found to be less 
than 1 and further correlation coefficient R2 for both 
the isotherm are found to be very high and are 

comparable within statistical limitations. Thus, the 
constants/parameters and coefficients calculated/
observed confirm the fitment of experimental data 
into both the isotherms.
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Table 1: Isotherms Constants

Isotherms Parameters

 qmax (mg/g) b (l/mg) RL Kf 1/n R2

Langmuir 153.84 0.059 0.628 - - 0.9969
Freundlich - - - 9.86 0.7404 0.9905

Conclusions
The outcome of experimentation carried out  
to investigate the adsorption potential of methyl 
orange on to MgO by batch studies and by 
nano photocatalysis are presented in this paper.  
Attempt also been made to validate the experimental 
data for Langmuir and Freundlich isotherms. 
The removal efficiency is found to be directly 
proportional to irradiation time/stirring time and 
inversely proportional to initial concentration 
of dye solutions. Maximum removal efficiency 
has been adsorbed at acidic media. At optimum 
conditions of experimental variables tried viz Co=10 
mg/L, pH-5, irradiation time/stirring time= 50 min, 
adsorption dosage= 0.3 g/L, maximum removal 
efficiencies of 63.9% and 72.3% respectively 
are recorded with adsorption of nanoparticles 
and nano photocatalysis. It is concluded that the 
colour tried can be better removed from aqueous 
suspension by nano photocatalysis. However, it is 

suggested to work out cost economics of these two 
systems before deciding their applications. Further 
it is also suggested to evaluate the systems for  
higher adsorbent dosages.
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