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ABSTRACT 
Air quality is of increasing concern in fast growing economics in India through rapid industrialisation and urbanization. 
To protect public health and environment it is important to gain understanding the cause of air pollution, among the air 
pollutants NO2 are emissions resulting from combustion processes and are the main agents that contribute to the 
formation of acid rain, which causes harm to humans and the environment. So in the present study, for controlling NO2 
pollution from industrial emissions low cost bio-adsorbent, sawdust was selected. The batch and column adsorption 
studies on the adsorption of aqueous NO2 solution were carried out with contact time, concentration dosage, and 
temperature and adsorption parameters of column studies. The optimum contact time and optimum dosage were 
calculated. Different adsorption isotherms such as Freundlich, Langmuir, and Temkin were studied. In the present work 
the materials showed high values of surface area, with a predominance of micro pores with diameters in the range of 1.0 
nm. 
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INTRODUCTION 
Large scale industrialisation increases the production of materials and urbanisation leads to the creation 
of mega cities where there is a tremendous increase in the number of industries, Vehicles and vehicular 
traffic. The ill effects of these activities are reflected in the form environmental problems. One such 
problem is the deterioration of urban air quality in India and other developing countries. Air pollution 
causes eye irritation, lung cancer, asthma, bronchitis etc,. Epidemiological studies showed there is a 
significant association between the concentration of air pollution and adverse health impacts, drought 
prone problems, fluorosis associated with the drinking water quality has led to maximum population 
migration from rural areas resulted in urban slums which exert pressure on the environmental resources 
of the city. NOx is a generic term for the mono-nitrogen oxides NO (nitric oxide) and NO2 (nitrogen 
dioxide). Nitrogen oxides are precursors for photochemical smog, acid rain and ozone accumulation. The 
oxides of Nitrogen –NOx, are highly corrosive and hazardous to health. Due to the environmental concerns 
posed by air pollution, a great deal of research is carried out for controlling NOX pollution. Taking up the 
issue a low cost bio-adsorption technology for controlling NO2 pollution was presented in this study.  
 
MATERIALS AND METHODS 
Selection of adsorbents 
Bisorption is a technically feasible and economical process that has gained increased credibility during 
recent years [1]. A New economically, easily available and highly effective adsorbents are needed. Saw 
dust is widely available waste by product which is used as a packing material or cooking material. It is 
selected as adsorbent by many researchers [2-6] for adsorption process. Saw dust is a waste and cheap 
material obtained from sawing operation of timber and furniture manufacturing units. Though it was 
used as fuel earlier, with the availability of other fuels, it is left as a waste material. To some extent it is 
used in compressed boards and panel boards. Saw dust being porous and mainly composed of cellulose 
was collected from local timber shops and it is washed with Millipore water. The adsorbent is dried in a 
microwave oven at 180 watts for drying, is ground, sieved to 250µm. The other chemicals used in the 
study are of Merck Company. 
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Saw dust has good physico chemical properties like, porous nature, heterogenous surface, complex nature 
of molecules taking all these into consideration sawdust is selected for the studies as an adsorbent for 
controlling NO2. 2, 14, 15. 
 

Table 1. Physical, chemical properties of saw dust 
1 Moisture content 8.3 

2 Specific gravity 0.24 
3 Porosity 0.89 

4 Liginn 29.3 
5 Cellulose 83.8 
6 Hallocellulose 62 
7 Carbon 65.38 
8 Hydrogen 3.2 
9 oxygen 33.04 
10 Nitrogen - 

 
Experimental for adsorptin of No2 from its aqueous solution 
An aqueous solution of 100ml of NO2 of various concentrations (ranging 10 -100 ppm) is taken in 100ml 
stopper bottle and 1gram of adsorbent is added to the solution. Batch adsorption experiments are carried 
at room temperatures. Optimum contact time is maintained. The UV spectrophotometer is used to 
determine the initial and final concentrations. The adsorption of aqueous NO2 solution was studied with 
respect to Contact time between adsorbate and adsorbent, Inlet NO2 concentration, Adsorbent dosage, 
and Temperature effect, Flowrate and Bed volume [10-12]. NO2 gas mixed with N2 gas is made to pass 
through saw dust which was taken in a catalytic tube and batch adsorption experiments were carried out 
at room temperature. Batch and column studies were conducted with respect to adsorption parameters.  
Description of experimental setup 
The test gas mixtures were produced from a cylinder of 100% NO2 (span gas equipment Pvt. Ltd) and 
diluted to require concentration using nitrogen gas. The flow of the carrier gas and NO2 are adjusted by 
valves of Gas Dilution System (fig 3.1). Based on the data obtained, the NO2 content of the gas stream is 
determined using West-Geake method. N2 and NO2 gas cylinders are connected to the dilution system by 
operating the pressure regulating valve PRV1 for N2 gas and pressure regulating valve PRV2 for NO2. The 
inlet pressure gauge I 2 connected to PRV2 for SO2 gases and similarly it is connected to PRV1 for N2 gas 
outlet pressures of the gases entering into the mixing chamber can be determined by using the gauzes 01 
and 02 respectively. V1 and V2 valves are used to get different concentrations of N2 gases. V3 and V4 are 
used to get different concentrations of NO2 gases. The two gases gets mixed up into a chamber and this 
mixture of these gases enters into another chamber and the pressures of these can be controlled using V5, 
V6, V7, V8 valves the flow rate of these mixtures of these gases is maintained as 60cc per minute. High 
sensitivity and good results are obtained with low flow rate. To get the effective results this flow rate is 
fixed. By opening V9 valve the mixture of these gases enters into the catalytic tube which having an 
adsorbent in it. The gas from catalytic tube is pumped with a pump into the detection cell, which consists 
of Para Rosaline hydrochloric reagent. The concentration of gas is determined by using NO2 analyzer, 
which is based on West-Geake method. The simplified schematic diagram of the set up is given in the fig1 . 
SEM studies on saw dust fig.2 indicates a rough surface and porous structure  [10-13] XRD studies [12-
14] revealed a number of absorption peaks indicating complex nature of surface. FTIR analysis showed 
the presence of functional groups like -OH, -COOH, -CONH2, -CH2 indicating the presence of aromatic 
rings, amide groups and lignin aromatic groups. 
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Fig 1. The experiment set up and schematic diagram of experimental 

 

Fig. 2. Scanning electron micrographs of sawdust 

RESULTS AND DISCUSSIONS 
Enviormental friendly adsorbent preparation
The adsorbent saw dust is easy to prepare, easy to handle, hazard free and environmental friendly. It is a 
required condition for the sustainability of many bioadsorbents. So in the present research work adopted 
a non treated method collection of saw dust, wash, dry and grounded and used for experiments.
Effect of Contact Time 
The effect of contact time on adsorption of
initially the adsorption of NO2 increased with the increase in contact time because of  large number of 
binding sites were available at initial stages and adsorption occurred at a faster rate the
constant. The optimum contact time for the removal of aqueous NO2 is observed as 45 minutes. The 
binding sites becomes limited to be occupied by NO
between NO2 on the solid surface and l
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Fig 1. The experiment set up and schematic diagram of experimental 

 
Fig. 2. Scanning electron micrographs of sawdust  

 

Enviormental friendly adsorbent preparation [2-6]. 
The adsorbent saw dust is easy to prepare, easy to handle, hazard free and environmental friendly. It is a 

condition for the sustainability of many bioadsorbents. So in the present research work adopted 
a non treated method collection of saw dust, wash, dry and grounded and used for experiments.

The effect of contact time on adsorption of NO2 by saw dust was presented in fig 3. it is observed that 
increased with the increase in contact time because of  large number of 

binding sites were available at initial stages and adsorption occurred at a faster rate the
constant. The optimum contact time for the removal of aqueous NO2 is observed as 45 minutes. The 
binding sites becomes limited to be occupied by NO2 molecules due to the formation of repulsive forces 

on the solid surface and liquid phase after 45 min.  
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Fig 1. The experiment set up and schematic diagram of experimental design 

The adsorbent saw dust is easy to prepare, easy to handle, hazard free and environmental friendly. It is a 
condition for the sustainability of many bioadsorbents. So in the present research work adopted 

a non treated method collection of saw dust, wash, dry and grounded and used for experiments. 

by saw dust was presented in fig 3. it is observed that 
increased with the increase in contact time because of  large number of 

binding sites were available at initial stages and adsorption occurred at a faster rate there after remained 
constant. The optimum contact time for the removal of aqueous NO2 is observed as 45 minutes. The 

molecules due to the formation of repulsive forces 
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Fig 3: variation of contact time between saw dust and aqueous solution of NO2 

 
Effect of sawdust adsorbent dosage 
Definite concentration of NO2 is studied with different amounts of adsorbent dosages i.e. 0.2gms, 0.4gms, 
0.6gms, 0.8gms respectively. The experiments are carried out with constant contact time of 60 minutes. 
The results are given in fig. 4. They show that % removal of NO2 is low at low dosages and increases with 
increase in dosage remained stable or decreased due to reaching optimum conditions for adsorption. 

 

 
 

Fig. 4: variation of saw dust dosages on aqueous solution of NO2 
Effect of different NO2 Concentration 
Different concentrations of NO2 were studied, which consists of a fixed amount of adsorbent. The 
experiments are carried out with constant contact time and are fixed depending upon. The results are 
given in fig.5.The percentage removal of aqueous solution of NO2 decreased with increase in 
concentrations is observed. The maximum percentage removal of NO2 is observed at the lower 
concentration that is below 15 ppm. 
 

 
Fig. 5: variation of concentration aqueous solution of NO2 on Sawdust 
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Adsorption isotherms and Kinetic Studies [7-12] 
Kinetic experiments were conducted by different concentration of NO2 (10, 50,100ppm) at room 
temperature. 
 
Analysis, calculation and model fitness 
The equilibrium data for adsorption studies were fitted with Freundlich, Langmuir, Temkin isotherm 
models and data is shown in fig. 6,7,8 and tables -2, 3, 4, and 5. All equilibrium models were evaluated and 
optimized by non-linear regression using MAT LAB. The models fitness was signified by coefficient of 
determination R2, ASS and other tests. From comparison of these models following conclusions can be 
drawn. 
The amount of the gas adsorbed by the given amount of adsorbent depends on the temperature as well as 
pressure and concentration of the gas. To explain the effect of temperature on adsorption the Freundlich 
adsorption isotherms are plotted. The freundlich adsorption isotherms are given by 

x/m = K c1/n 

log x/m = log K + 1/n log c 
The intercept gives the value of log K and the slope is equal to 1/n. From the intercept and slope values 
for the adsorbent, it is observed that the value of 1/n increases initially and then decreases. This indicates 
that the lower temperatures are favourable. At the higher temperature there is no change in slope and 
intercept values. The adsorption capacity decreases with increase in temperature. The process is 
exothermic in nature. Initial rise in the temperature is favourable for activation but once it is activated, 
higher temperature does not favour the adsorption process.  
The equilibrium data for the removal of NO2 by adsorbent at all temperatures were fitted in the 
rearranged Langmuir isotherm. 

Ce/qe = 1/q0b + Ce/q0 

Where Ce is the equilibrium concentration and qe is the amount adsorbed at equilibrium. q0 and b are 
related to adsorption capacity and equilibrium constants respectively. The linear plots indicate that 
monolayer coverage of adsorbate at the outer surface of the adsorbent. The parameters q0 and b have 
been calculated from the slope and intercept of the plots. From the various plots adsorbent, it is evident 
that the adsorption capacity and intensity of adsorption are enhanced upto certain optimum temperature.  

Table 2. Initial concentration (10 ppm) 
S.No Temperatur

e (O C) 
Initial conc. (Ce) 

(ppm) 
Final conc. 

(ppm) 
x/m Log x/m Qe/Ce Log (x/m / Ce) Log c 

01 <0 10 6 4 0.602 0.40 -0.39 1 
02 2-8 10 3.4 6.6 0.819 0.66 -0.18 1 
03 RT 10 1.5 8.5 0.929 0.85 -0.07 1 
04 40 10 1.2 8.8 0.944 0.88 -0.05 1 
05 50 10 1.3 8.7 0.939 0.87 -0.06 1 
06 60 10 1 9 0.954 0.90 -0.04 1 
07 80 10 1 9 0.954 0.90 -0.04 1 

Table 3 Initial concentration (50 ppm) 
S.No Temperature 

(O C) 
Initial conc. (Ce) 

(ppm) 
Final conc. 

(ppm) 
x/m Log x/m Qe/Ce Log (x/m / 

Ce) 
Log c 

01 <0 50 32.5 17.5 1.243 0.35 -0.45 1.698 
02 2-8 50 22 28 1.447 0.56 -0.25 1.698 
03 RT 50 10 40 1.602 0.80 -0.09 1.698 
04 40 50 7.5 42.5 1.628 0.85 -0.07 1.698 
05 50 50 6.5 43.5 1.638 0.87 -0.06 1.698 
06 60 50 5 45 1.653 0.90 -0.04 1.698 
07 80 50 5 45 1.653 0.90 -0.04 1.698 

 
Table 4 Initial concentration (100 ppm) 

S.No Temperature 
(O C) 

Initial conc. (Ce) 
(ppm) 

Final conc. 
(ppm) 

x/m Log x/m Qe/Ce Log (x/m / 
Ce) 

Log c 

01 <0 100 42 58 1.763 0.58 -0.23 2 
02 2-8 100 40 60 1.778 0.60 -0.22 2 
03 RT 100 40 60 1.778 0.60 -0.22 2 
04 40 100 3 97 1.986 0.97 -0.01 2 
05 50 100 37 63 1.799 0.63 -0.20 2 
06 60 100 1 99 1.995 0.99 -0.004 2 
07 80 100 7 93 1.968 0.93 -0.03 2 
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Table 5 Slope and Intercept parameters 
Parameter <0 2-8 RT 40 50 60 80 

Slope 
Freundlich  
Langmuir 

 
0.937 
0.01 

 
1 

-0.0004 

 
1 

-0.01 

 
1 

0.002 

 
1 

-0.01 

 
1 

0.002 

 
1 

0.002 

Intercept 
Freundlich  
Langmuir 

 
-0.15 

0.3 

 
0 

0.6 

 
0 

0.9 

 
0 

0.8 

 
0 

0.8 

 
0 

0.8 

 
0 

0.8 

 

Saw dust

Ce

x
/m

0 50 100 150
0

50

100

150
<0

2-8

RT

40

50

60

80

 
Fig. 6 Relationship between x/m and Ce 
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Fig. 7 Freundlich isotherm 
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Fig.8 Langmuir isotherm 

Column studies 
In the column experiment, the flow rate of the sample was an important parameter not only affecting the 
removal of NO2 but also controlling the time of analysis. Therefore, the effect of flow rate on removal of 
NO2 was investigated under the optimum conditions. From the graph, it is evident that the % removal is 
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high when high flow rate is employed. So the high flow rate is favourable for avoiding long analysis time 
fig. 9 
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Fig. 9 effect of flow rate of sawdust (concentration vs c2/c1) 

Effect of bed volume high flow rate 
From the figures, it is evident that the percentage removal is high when high flow rate is employed and as 
the bed volume increases the percentage removal increases to certain extent and then remains constant 
fig 10,11.  
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Fig. 10 Effect of Bed Volume- Saw dust 

 
Fig. 11 Effect of Bed Volume- Saw dust 

 
CONCLUSION 
It is necessary for the environmental researcher to control the ill effects caused by air pollution for 
survival of the mankind. The present study has helped to control the air pollution caused by NO2. The 
percentage removal of NO2 molecules increased with increase in adsorbent dosages and with the increase 
in contact time at lower concentration. As the temperature increases, the capacity of the adsorbent to 
remove the NO2 decreases which has been shown by the results. In the industrial process, to remove NO2 
the conditions of the temperature should be modified. Before passing the gas through the adsorbent, the 
gas should be cooled by passing it through cooling chambers or spray towers which will spray the cold 
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water to reduce the temperature. At room temperature the adsorbent have maximum capacity to remove 
the NO2. Our study proves that the effect of harmful chemicals like NO2 can be reduced by using naturally 
available waste material like Saw dust. Hence, this study provides an economic solution for cleaning up 
environmental pollutant NO2 and it is recommended to use these adsorbents in industries and automobile 
engines. The suggestions for the further studies are, the adsorbents which are used in the present study 
can be mixed up with other materials to bring out the positive results at all the temperatures.   
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