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Abstract— Removal of organic pollutants from paper and pulp effluents using coconut shell and silica gel mixed adsorbents 
was carried out in batch mode method. The paper highlights the various evaluation parameters like contact time, Adsorbent 
dosage, and pH. The results from the equilibrium time experiment concluded that the equilibrium time of the mixed 
adsorbents is 45min. The optimum dose of mixed adsorbents for the highest removal of COD, color and other parameters were 
50g/L of effluent. This amount of mixed adsorbent can remove COD 84.28%, color 88.92%, Turbidity 71.44% and total 
carbon 92.22%. Variation in pH of effluent at levels of 2 to 10 was carried out. The highest removal of COD 88.6%, color 
91.22%, turbidity 72.51% and total carbon 92.54% was found when the pH was adjusted to 2 and such removal was gradually 
decreased when pH was raised. Statistical analysis revealed that the mixed adsorbent prepared from coconut shell and Silica 
Gel is efficient and economical method for removal of color, COD and other parameters at lower contact time than using 
coconut shell alone.  
 
Index Terms- Adsorption, Coconut shell, Paper and pulp, Silica gel. 
 
I. INTRODUCTION 
 
The pulp and paper mill industry is a very water 
intensive and sixth largest polluter industry. It 
generates as low as 1.5m3 of effluent/tone of paper 
produced. The effluent contains high concentration of 
lignin causing brown color, COD, TDS, Suspended 
solids, turbidity etc. The brownish color is mainly 
attributed to the complex compounds derived from 
polymerization between lignin-degraded products and 
tannin during various pulping and bleaching 
operations [1].Discharge of this effluent to water 
bodies is hazardous to aquatic animals/plants [2] So 
there is a need to develop a waste water treatment 
technology which is efficient and economical. 
Presently, various physical, chemical and biological 
processes are used to treat paper and pulp effluents 
like sedimentation, chemical precipitation, chemical 
coagulation/flocculation process [3] membrane 
filtration, flotation, adsorption [4] and chemical 
oxidation process, ion exchange, reverse osmosis 
[5],Aerobic and anaerobic treatment, Activated sludge 
process [6] Such treatment technologies are quite 
expensive to build, operate, maintain and require 
skilled personnel [7].Therefore, an alternative method 
is being sought. Adsorption using adsorbent material 
has a long and productive history. Any carbonaceous 
waste material can be converted in to activated carbon 
[8]. Agricultural products or by products are rich in 
carbonaceous matter so these materials can be 
employed in adsorption method by converting them in 
to activated carbon [9]. Coconut shell is a potential 
precursor for the production of activated carbon due to 
its excellent natural structure and low ash content [9]. 
Conversion of coconut shells into activated carbons  

 
which can be used as adsorbents in treatment of paper 
and pulp effluents would add value to these 
agricultural commodities. And helps to reduce the cost 
of waste disposal, and provide a potentially cheap 
alternative to existing commercial carbons [10] hence 
in this study coconut shell and silica gel are used as 
mixed adsorbents to treat paper and pulp effluents. 
 
II. MATERIALS AND METHODS 
 
A. Wastewater collection and analysis: 
Wastewater was collected from the effluent outlet of 
nearby Paper and pulp industry and stored at 4oc to 
prevent any change in various parameters like 
physiochemical characteristics. pH, temperature, total 
solids, dissolved solids, suspended solids, colour and 
COD etc were determined by the Standard Methods. 
 
B. Mixed Adsorbents: 
The coconut shell and silica gel were mixed in a 
homogeneous proportion. The study involved using 
coconut shell adsorbent and converting it to mixed 
activated carbon with silica gel. Silica gel is colloidal 
form of silica (Sio2) and usually resembles like white 
coarse sand and it was used as a secondary adsorbent 
in this study.  

 
Fig.1. Mixed adsorbents prepared from silica gel and coconut 

shell 
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C. Preparation of Activated Carbon: 
The activated carbon was prepared out of Coconut 
shell by the following process. 
1. Crusher: The samples were cut into small pieces or 
crushed and were sieved to a pore size of 0.25mm. 
2.Washing and drying: The sieved samples were 
washed several times with tap water and then with 
distilled water to remove adhered dust and were dried 
in oven at 1100 C for 24hrs to remove hydrocarbon and 
then taken off the oven and was cooled for room 
temperature. 
3. Impregnation: The cooled sample is chemically 
treated homogenously. For activation, 100gms of 
sample was thoroughly mixed with 100ml of 
activating agent namely H2SO4 in ratio 4:1.5.  
4. Carbonization: The solution was taken into beaker 
and was placed in the oven at 1100C in oven for 24hrs. 
Sample was then soaked in distilled water and was 
subsequently replaced until the pH of solution 
becomes stable. 
5. Washing and drying: The sample was then 
washed with 2% HCl (v/v) or NaHCO3 (w/v), and then 
with distilled water to remove any activating agent. It 
was then dried at 110ºC. The dried samples were 
transferred to the muffle furnace at 650ºC for 6h and 
the activated carbon was prepared for characterization 
of the effluents. 
 

 
Fig.2. Preparation of coconut shell activated carbon 

 
D. Batch adsorption process: 
The 250ml flask was filled with100ml of wastewater. 
Then weighed amount of activated carbons were 
added in the flask and transferred to the orbital shaker 
for predetermined interval of time. After the expiry of 
given time the flask was removed from the shaker. The 
solution was filtered using Whatmannfilter paper # 
44. Filtrate was then examined for the COD, TDS, 
turbidity and color. The difference in wastewater and 
filtrate, gives the % removal of COD, color and other 
parameters. Effects of different factors like pH, 
amount of activated carbon, contact time were studied. 
Contact time was varied between 15-60min.  Keeping 
all the other parameters fixed. Similarly effect of pH 
and amount of activated carbon was examined by 
changing one parameter and keeping others constant. 

III. RESULTS AND DISCUSSION 
 
The characterization of the real effluent is presented in 
Table 1. Effluent is having high concentration of 
COD, total solids, and slightly acidic in nature. The 
analysis of effluent was carried out as per Standard 
methods [11] 

 
TABLE I:  

CHARACTERISTICS OF EFFLUENT 

 
 

The Effect of various operating parameters during the 
study is discussed below: 
 
A. Effect of contact time  
The optimum contact time were determined based on 
comparing the removal  efficiency of COD, Colour, 

TDS, Turbidity and other parameters at various times. 
Experiments were conducted at different contact times 
varying from 15min to 60min. From Fig.3 it can be 

observed that COD values reduced from 5600mg/L to 
880mg/L (removal of 88.24%) at a contact time of 

45min.Further increase in contact time did not show 
any decrease in COD values at adsorbent dosage of 
50gram/L. At their operating conditions the colour 
reduced from 1.436ABS to 0.159ABS (removal of 

88.92%) which can be observed from Fig.4. Similarly 
from Fig.5 it clearly shows that turbidity reduced from 
52.29NTU to 14.93NTU (removal of 71.44%). It can 

be observed from Fig.6 that TC reduced from 
866.5mg/L to 67.34mg/L (removal of 

92.22%).

Fig.3 Effect of contact time on COD removal 
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Fig.4 Effect of contact time on Color removal 
 

 
Fig.5 Effect of contact time on Turbidity removal 

 

 
Fig.6 Effect of contact time on TC removal 

 
B. Effect of adsorbent Dosage  
The effect of adsorbent dosage on removal of COD, 
colour, TDS, turbidity and total organic carbon can be 
seen from Fig.7 to Fig.10. The results revealed that 
rate of adsorption increased with increase of dosage of 
adsorbent at definite contact time of 45min.Further 
increase in dosage of adsorbent did not show decrease 
in values. So optimum adsorbent dosage was 
50gram/L.Fig.7 reveals that COD reduced from 
5600mg/L to 880mg/L (removal of 84.28%). At their 
operating conditions the colour reduced from 
1.436ABS to 0.159ABS (removal of 88.92%) which 
can be observed from Fig.8.Similarly from Fig.9 it can 
be observed that turbidity reduced from 52.29NTU to 
14.93NTU (removal of 71.44%). It can be seen from 
Fig.10 that TC reduced from 866.5mg/L to 67.34mg/L 
(removal of 92.22%). 

Fig.7 Effect of Adsorbent Dosage on COD removal 
 

 
Fig.8 Effect of Adsorbent Dosage on Colour removal 

 

 
Fig.9 Effect of Adsorbent Dosage on Turbidity removal 

 

 
Fig.10 Effect of Adsorbent Dosage on TC removal 

 
C. Effect of pH  
It is clear from the results that coconut shell mixed 
absorbent perform best at low pH. These results 
conclude that all the prepared activated carbons have 
different surface charges/properties, which are under 
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the direct influence of change in pH. The reason for 
better adsorption at lower pH may be related to the 
presence of high number of H+ ions [1] These H+ ions 
combine with the-ve charged adsorbent surface and 
neutralize them and thereby reduce the hindrance to 
the diffusion of organic molecules. The lower 
adsorption at higher pH might be possible due to the 
presence of OH- ions. These OH- ions cause hindrance 
to the diffusion of organic (contributing to COD) ions 
[2].  From Fig11 to Fig14 shows the effect of pH on 
various parameters. It can be observed from Fig 11 
that COD reduction was maximum at pH 2 (removal 
of 88.6%) and minimum at higher pH 10 (removal of 
67.14%). Fig.12 shows maximum colour reduction 
was at pH 2 (removal of 91.22%) and minimum at pH 
10 (removal of 24.02%). Similarly turbidity and total 
carbon showed maximum reduction of 72.51% and 
92.54% respectively at pH 2. This can be observed 
from Fig.13. And From Fig 14 it can conclude that 
minimum reduction of both turbidity and total carbon 
was at pH 10 (removal of 33.75%) and (removal of 
90.66%) respectively. 
 

 
Fig.11 Effect of pH on COD removal 

 

 
Fig.12 Effect of pH on Colour removal 

 

 
Fig.13 Effect of pH on Turbidity removal 

 

 
Fig.14 effect of ph on tc removal 

 
CONCLUSION 

 
The adsorption method using mixed adsorbents 
prepared from Coconut shell and Silica gel appears to 
be attractive alternative method for treatment of Paper 
and pulp effluent. 
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