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Abstract— The synthesis and   characteristic of activated 

carbon from coconut shell. After synthesis of activated 

carbon to study different temperature range 3000 C, 4000 C, 

5000 C  on quality on absorbent  similarly effect of chemical  

modification  by ZnCl2 by various concentrations 1N,2N 

and 3N. Also the effect of time 30min, 60min and 90 min 

and using activated carbon for the removal impurity for 

industrial characterization of the adsorbents includes 

estimation of various parameters such as proximate analysis 

(moisture content, ash content, volatile matter content and 

fixed carbon content), pH, Iodine number and Methylene 

blue number FTIR analysis. The adsorbent that showed best 

surface properties was used for adsorption of methylene 

blue dye. Adsorption capacity of the activated carbon was 

determined to access it maximum potential for methylene 

blue removal. 
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I. INTRODUCTION 

Activated carbon is a special type of carbonaceous 

substance. It has highly crystalline form and extensively 

developed internal pore structure. Due to activation, internal 

pore network is created which imparts certain surface 

chemistries (functional groups) inside each particle. 

Thus carbon gets its unique characteristics leading 

to high surface area, porosity and greater strength.  

The adsorptivity of the adsorbent depends on both 

the size of the molecule being adsorbed and the pore size of 

the adsorbent. 

The organic material which has high carbon 

content is used as the raw material for the synthesis of 

activated carbon. There are many cheap, easily available 

such as wheat husk,straw, palm fiber, rubber wood saw dust, 

bamboo dust, date pits, palm fiber, coconut shell,groundnut 

shell, oil cake etc have been used as the source for the 

synthesis of activated carbon.They are used in the abatement 

of hazardous contaminants, treatment of municipal and  

industrial waste water, as catalyst or catalyst support in 

medicine, and the recovery of  valuable metals Thus the aim 

of this research is to look for a good adsorbent based on 

their surfacecharacteristics. It also explores the adsorption 

capacity of the adsorbent for methylene blue dye removal. 

Increase in population has boosted the growth of 

different industries leading to discharge of pollutants into 

the water bodies. Among those industries textile, food, 

cosmetic, paper industries lead to discharge of dye that 

needs immediate attention. Colour in the water results from 

various organic chemicals that prevent the sunlight to 

penetrate affecting the aquatic system. Aquatic organisms 

and plants are affected due to the release of toxic organic 

chemicals. Various methods to address this issue has been 

published by many researchers such as sedimentation with 

clarification, coagulation and flocculation, chemical 

oxidation, filtration using membranes, adsorption, 

biodegradation etc . Among these adsorption is a well 

established technology to deal with dye removal. Methylene 

blue dye has been used in most of the industries and its 

removal is a matter of great concern. Low cost adsorbents 

such as coir pith, sawdust, fruit shell, banana pith, pea nut 

hull, wheat barn However due to its less adsorption capacity 

use of activated carbon as an adsorbent is greatly sorted. 

 
Fig. 1: Pictorial view prepared Activated carbon. 

II. METHODOLOGY 

A. Preparation of Activated Carbon  

Raw material was first dried in an oven at 110°C for 24 h, 

then crushed manually. Crushing provided smaller particles 

with increased surface area and also enabled more efficient 

chemical activation of the raw material.  Samples were 

sieved after crushing to obtain particle sizes smaller than 

600 μm. 

Chemical activation of the sludge was then done 

using different activating agents like ZnCl2.To ensure a 

complete reaction between activating agent and  sludge 

Particles, slurries of the sludge and activating agent were 

mixed at 60°C for 24hrs with a magnetic stirrer. After 

chemical activation, samples were dried in oven (depending 

on the required impregnation time).After drying, the sludge 

was crushed again into a fine powder. And activated 

samples were exposed to light and humidity (L&H) for 

about 22 h to enhance the development of the pore structure 

during pyrolysis. The aforementioned steps promote 

uniform carbonization reactions during the pyrolysis. Upon 

completion of the pyrolysis, the sample was removed from  

the reactor and crushed. Pyrolysis was followed by rinsing 

using 500 ml of 1.2 M HCl, and 500 ml of distilledwater to 

remove excess activating agent and residual inorganic 

matter. Then the chemical activated product was dried and 

stored for characterization. 

B. Batch adsorption process  

After preparing three different types of activated carbon, 

there is a need to test them For the test of every activated 
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carbon 0.1N methylene blue dye, was prepared. prepare the 

0.1N solution of methylene blue dye, 18.21ml of methylene 

blue dye was mixed in 1 litre of distilled water.The carbon 

obtined by first method 3N was labelled as A temperature 

3000C  for 90 min. Similarly, the carbon obtained by second 

3N  was labelled as B temperature 400 for 90 min and third 

method 3N were labelled as  C temperature 500 for 90 

mins.The solutions of methylene blue dye were labelled as 

Y1 and Y2. Now, 2 grams of each A, B and C was poured in 

100 ml solutions of Methylene blue dye prepared i.e. they 

Y1, and Y2The first activated carbon i.e. A was poured in 

Y1 and Y2, shook well and was kept aside for 4 hours and 8 

hours respectively 

Similarly, the activated carbons B and C were 

poured in Y1 and Y2, shook well and was kept for 4 hours 

and 8 hours respectively. All the solutions in which different 

types of  AC and solution of methylene blue dye was mixed 

were filtered to separate out AC from the solution. This AC 

free solution was tested in Photo-Calorimeter. 

1) Reduction of colour from methylene blue dye 

For the calculation of colour concentrarion, we use photo 

calorimeter. From the graph Adsorbance Vs. Concentration, 

we got After adsorption concentration value. Here we also 

got three type of results for three adsorbent. After that 

adsorption concentration and adsorption % can be 

calculated. 

Sr. No. Concentration Adsorbence 

1. 0.1 0.97 

2. 0.09 0.86 

3. 0.08 0.75 

4. 0.07 0.7 

5. 0.06 0.66 

6. 0.05 0.57 

7. 0.04 0.45 

8. 0.03 0.36 

9. 0.02 0.26 

10. 0.01 0.16 

Table 1: Standard Concentration Table 

 
Fig. 2: Systematic Diagram Of Batch 

2) By using this data, we plot graph of Adsorbence Vs 

Concentration. 

 
Fig. 3: Concentration Vs Absorbance 

Sr. 

No. 
Types Of Adsorbent A B C 

1. 
Before adsorption 

Concentration 
0.1 0.1 0.1 

2. 
After adsorption 

concentration(4Hrs) 
0.017 0.016 0.015 

3. 
After adsorption 

concentration(8Hrs) 
0.01 0.008 0.005 

4. 
Amount of 

adsorption(4Hrs) 
0.0415 0.042 0.0425 

5. 
Amount of adsorption 

(8Hrs) 
0.045 0.046 0.0475 

6. Adsorption%(4Hrs) 83 84 85 

7. Adsorption%(8Hrs) 90 92 95 

Table 2: Comparison table 

Fig. Reduction of colour concentration of methylene blue 

III. TESTING & ANALYSIS 

A. Proximate Analysis Of Activted Carbon 

The proximate analysis of activated carbon was done using 

the following procedure. 

1) Moisture content 

Small amount of activated carbon sample (coconut shell) 

weight was measured and then taken in a petri dish. It was 

spread nicely on the dish. It was then heated in an oven at a 

temperature of (105-110)˚c for 1.5hr. The petri dish was left 

open or not covered during heating process. After heating 

petri dish was removed and cooled in a desicator. After 

cooling the weight of dried sample was measured. 

Moisture content M= Loss In Weight /Weight Of Coal 

Sample *100 

Followed the above procedure find out %moisture content 

2.1 

2) Ash content 

1 gm of sample was taken in a silica crucible. It was heated 

in a muffle furnace to 750˚c for 1.5hr. During this heating 

process the crucible was left open. After the required 

heating, the crucible was cooled in a desicator and then 

weight of the ash was measured. 

Ash content A=Weight of Ash/Weight of coal*100 

Followed the above procedure find out %ash content 1.299 

3) Volatile matter content 

A known quantity of sample was taken in cylindrical 

crucible closed with a lid. It was then heated to 925˚c for 
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exactly 7minutes in a muffle furnace. Then the crucible was 

cooled in a desiccator and weighted. 

Volatile matter on dry basis 

VM=Loss In Wt Due To Moisture &Volatile Matter 

*100/Weight Of Coal Sample –Moisture 

Follow above procedure find out the %VM content 7.355 

Fixed carbon content: 

Fixed carbon FC = 100 – (% moisture content+ % volatile 

matter + % ash content) 

FC= 89.246 

4) Iodine Number 

Iodine number is the milligrams of iodine adsorbed by 

1gram of activated carbon from a standard 0.1N iodine 

solution when the equilibrium iodine concentration is 

exactly 0.02N. Iodine number is a measure of the micro-

pore content of the activated carbon. A higher iodine 

number signifies higher micro-porosity of the 

sample.ASTMD4607 –94(2006) gives the standard 

procedure for the determination of the iodine number of the 

activated carbon.0.7-2gof dried activated carbon was mixed 

with10ml of 5% by weight of hydrochloric acid in a conical 

flask. The nit was swirled until the activated carbon was 

wetted. The conical flask was boiled for 30sec not directly 

but by placing it on a hot plate. The contents of the flask 

were cooled to room temperature and then 100ml 0.1N 

iodine solution was added to it. The flask was shaken 

vigorouslyfor30 sec. The contents were filtered through a 

filter paper. Initially 20-30ml of the filtrate was discarded 

and the remaining filtrate was collected in a clean beaker. 

Then 50ml of this filtrate was titrated against0.1Nsodium 

thiosulphate solution until yellow color just disappeared. 

After that 1ml starch solution was added into i t and titration 

was continued till blue color just disappeared. Iodine 

number of activated carbon 988mg/g. 

B. FTIR Analysis 

1) Fourier Transform-Infrared Analysis 

FTIR is a well-known method for analyzing surface 

chemistry. It can be used to detect the functional groups 

present in the sample, The atoms in molecules are not static, 

but vibrate about their equilibrium positions, even in the 

solid state. Each atom vibrates with a frequency which 

depends on its mass and the length and strength of any 

bonds functional group present in the activated sample were 

as shown in the table. At 1320-1000 cm- 1(strong) 

frequency shows C-O stretch and functional group presents 

are alcohol, carboxylic acid, esters and ethers. A band at 

1400cm-1 was only can be attributed to the plane N-H 

bending vibration. A band at 1100 cm-1 is attributed to C-O 

stretching vibration in hydroxyl and phenol groups. 

Combination of bands at 1750 and 1100 cm-1 suggested that 

it is predominantly carboxylic groups. The frequency range 

1470-1450 cm-1 shows the presence of alkanes (C-Hbond). 

The frequency range 1500-16000 cm-1 shows the presence 

of alkenes (C=C).  

Wave number  1100 cm-1 bond C-H wag (CH2X) functional 

group Alkyl halides. 

Wave number  1300-1400 cm-1 bond C-O stretch functional 

group alcohols ,ether, ester,carboxylic acid. 

Wave number  1500-1600 cm-1 bond C=C stretch  functional 

group Alkenes. 

 
Graph. 1: FTIR spectra of Activated carbon 

 
Graph. 2: FTIR spectra of Activated carbon. 

IV. CONCLUSION 

The work presents a novel concept of utilizing a domestic or 

agro-industrial wastes namely coconut shell for an 

application in the field of adsorption. The adsorption of 

colour concentration from dye using a coconut shell as a low  

cost adsorbent was investigated in batch process. From the 

result and discussion.The study required to conduct many 

characterization techniques like proximate analysis, iodine 

number test, methylene blue number test.This is followed by 

an adsorption experiment to find the better adsorbent for 

adsorption process.Proximate analysis of activated carbon 

provides a good idea about the physical properties of 

sample. From this analysis it is found out that, the fixed 

carbon content of coconut shell activated carbon is higher. It 

shows that the moisture content of activated carbon prepared 

from coconut shell is high while the volatile and ash content 

are the least.This is due to its high fixed carbon, which is a 

preferred adsorbent. From iodine number test we found that 

the iodine number of coconut shell is 988 mg/gm. Iodine 

number is basically a measure of the micro-pore content of 

the activated carbon. Iodine number shows a direct 

proportionality with the micro porosity of the, thus, a higher 

iodine number signifies higher micro-porosity of the sample. 

Porevolume of the coconut shell activated carbon is larger. 

From methylene blue number test we found that the 

methylene blue number of coconut shell 226 mg/g which is 

higher. From the adsorption test, we found that coconut shell 

activated carbon gives the better adsorption  of methylene 

blue Following the characterization tests where we found 

preferable and desired results for the coconut shell activated 

carbon. 
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