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Abstract:

Activated carbon is used as filter medium for the removal of hazardous particles in exhaust gases, in the purification of water and also in
waste water treatment. Activated carbon is used in gas purification, water purification, sewage treatment and many other applications. This
concept is used to satisfy the continuously increasing demand of activated carbon at low cost.The textile industry is one of the largest
producers of dye effluent. Treatment of these effluents has to be cost effective hence a number of precursors have been studied as a viable
alternative adsorbent. The present work relates to efforts made towards developing a high surface area activated carbon produced from the
fruit shells of sterculia foetida by chemical activation process with phosphoric acid as the activating agent the fruit shell of sterculia foetida
constitute a novel precursor for the preparation of activated carbon which has not yet been identified as a source for carbon material.
Experiments were conducted in lab scale using muffle furnaces under static conditions in a self-generated atmosphere covering process
parameters such as Impregnation Ratio (IR), Carbonization time and Temperature. The process parameters are characterized and optimized
based on the Methylene Blue number, Methyl Violet Number and the lodine number.

The adsorption of reactive orange dye onto fruit shell of sterculia foetida activated carbon from aqueous solution was investigated. The
process is carried out varying the process parameters as Impregnation Ratio (1:1 to 1:6), Activation Temperature (300 to 800 °C) and
Activation Time (60 to 210 min).

Keywords: Activated carbon, sterculia foetida, phosphoric acid, reactive orange dye, Impregnation Ratio, Activation Temperature, Activation Time, Methylene
Blue Number, Methyl Violet Number and lodine Number.

activated carbon can be reduced and it also a way of efficient usage
of the waste biomass. Many researchers have been carried out on
study of activated carbon produced from various biomasses such as
coconut shells, walnut shells, sunflower shells, coffee waste, olive

1. Introduction

Water pollution is becoming an increasingly serious problem,
especially in developing countries, due to the lack of funds available
for investment in waste water treatment. At present, organic
pollution is more serious than inorganic pollution. The micro
pollutants generally enter surface water through discharges and
effluents from various industrial processes. These include the
petrochemical industry, food stuff, dyestuff and chemical industries
such as paper, fertilizer, plastic and metal finishing etc..,. The
presence of organic pollutants in water has aroused much attention
in recent decades because of their potential mutagenicity,
carcinogenicity and toxicity. Moreover, they lead to undesirable
effects in the color, odour and taste of drinking water. It has been
demonstrated that convectional treatment processes like membrane
filtration, sedimentation, flocculation, ion exchange and co-
precipitation/adsorption [1]. The shortcomings of most of these
methods are high operational and maintenance costs, high energy
consumption and complicated procedure involved in this process.
Further generation of toxic sludge is another serious problem, the
disposal of which addsfurther burden on the techno-economic
feasibility of this treatment process. Comparatively, adsorption
seems to be a more attractive method in water pollution control in
terms of cost, simplicity of design and operation [2].

By using waste biomass which has no other end use the cost of

stones, wheat straw, rice straw, Sugar cane bagasse, Pomegranate
peel, Mahogany sawdust, cassava peel, date pit, fruit stones and
nutshell jute fiber etc. In this work, the selected biomass is the shells
of sterculia foetida.

In this study, the activated carbon production involves impregnation
of the biomass with phosphoric acid and later carbonised in muffle
furnace. The objective of this work is to optimize the process
parameters in the production of activated carbon from sterculia
foetida. The process parameters to be optimizes are impregnation
ratio, activation time activation temperature. The procedure is
repeated by varying process parameters that is impregnation ratio,
activation time activation temperature. Thus produced activated
carbon’s characteristics are studied by Methylene blue, methyl violet
analysis and iodine number test.

2. Experimental

2.1 Materials Used To Prepare Activated Carbon

2.1.1 Collected biomass

The collected biomass was rich in cellulosic content and it was best
suited to prepare the activated carbon.
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2.1.2  Activating Agent and Chemicals

It was found from the literature that the best activating agent for
cellulosic material was Phosphoric acid (H3PO,). Hence for the
selected biomass Phosphoric acid supplied by Central Drug House
(P) Ltd., India was used as activating agent for the preparation of
activated carbon. All the reagents used were of analytical grade and
distilled water was used in sample preparation. Sodium carbonate,
sodium hydroxide and potassium iodide were obtained from Sisco
research laboratories pvt, Ltd., Methylene blue from Ranbaxy
laboratories Ltd., potassium iodate from Qualigens fine chemicals-
Bombay. HCI from Marck Specifications Pvt, Ltd., lodine from
RFCL limited —New Delhi. HsPO, from Central Drugs House Pwvt,
Ltd., Sodium Thiosulphate from SD fine- chem. Limited.

2.1.3 Chemical Activation Using HsPO, as an Activating Agent

The process of activation carried out in presence of activating agents
either in the form of solid state (or) liquid state is called as chemical
activation. In general, as corrosive chemicals like NaOH and H,SO,
are involved in this process, chemical activation is regarded as
environmentally unfriendly. But the carbon yields will be higher
and also lower temperature of activation is sufficient in the case of
chemical activation relative to physical activation.  Several
dehydrating agents like KOH, NaOH, H3PO,, ZnCl,, Na;PO,, NaCl,
KMnO,, were used on various raw materials to yield appreciable
quality of activated carbon. Among the several dehydrating agents,
Zinc chloride and phosphoric acid are widely employed for
commercial manufacture due to its excellent dehydration
characteristics. In the current study, HsPO, is used as an activating
agent.

2.1.4 Carbonization of the Biomass

In the chemical method, the starting biomass material (shells of
Sterculia foetida) obtained was cut into the approximately uniform
pieces, dried in the hot air oven and impregnated with varying
impregnation ratio of phosphoric acid for a period of 24 hr, the acid
was decanted and the biomass were carbonized in the muffle furnace
in the absence of air at varying activation temperature and activation
time.
The activated carbon thus obtained was washed with distilled water
to remove residual acids present in it and the then dried in a hot air
oven at 110°C. The drying was continued until a constant weight of
activated carbon was reached. That Sterculia foetida activated
carbon was crushed and sieved using 170 meshes (BSS) screen to
obtained uniform particle size of adsorbents.

The taken biomass is the new source, so to find out the exact
operating parameters such as the time and temperature of activation
and impregnation ratio on the product quality. The product quality is
characterized based on the Methylene blue number and the lodine
number.

2.1.6 Estimation of Methylene Blue, Methyl Violet and lodine
Number

The end product is characterized by Methylene blue, Methyl Violet
and lodine number.

2.1.7 Methylene Blue Number

It indicates the measure of mesopore of the activated carbon and it is
defined as the milligrams of Methylene blue adsorbed per gram of
carbon. Methylene blue represents the surface area contributed by
the pores of (0-500A). Methylene blue was chosen in this study
because of its known strong adsorption onto solids and its

recognized usefulness in characterizing adsorptive material.
Methylene blue has a molecular weight of 373.9 x 10-3 kg mol ™.

2.1.8 Methyl Violet Number

Methyl violet test is similar to the Methylene blue test; it gives the
indication of the surface area available, which is the adsorption
capacity of the activated carbon.

2.1.9 lodine Number

The lodine test is a test method that covers the determination of the
relative activation level of activated carbons by the adsorption of
iodine from aqueous solution. The amount of iodine adsorbed (in
milligrams) by 1g of carbon using test conditions is called the iodine
number. The iodine number is a relative indicator of porosity in an
activated carbon. lodine number is a rough measure of capacity of
small molecules and correlates with surface area (Keller et al., 1987)
and may be used as an approximation of surface area for activated
carbons. This test method for specific surface area of carbon of
ASTM standard (C819).

3. Results and Discussion

3.1 Optimization of Carbon Preparation Parameter

The source (Sterculia foetida) obtained was cut into small pieces,
dried and impregnated with varying impregnation ratio (1:1 to 1:6)
of phosphoric acid for a period of 24 hrs, then the acid was filtered
and biomass were carbonized in muffle furnace in the absence of air
at varying activation temperatures (300 to 800°C) and varying
activation time (60 to 210 mins). The activated carbon was washed
using distilled water to remove the acid. It was then dried till a
constant weight was achieved. The activated carbon crushed and
sieved in 170 mesh standard sieve. The activated carbon was then
stored in an airtight container.

3.2 Effect of Impregnation Ratio

The impregnation ratio is given by, Impregnation ratio = (weight of
acid): (weight of biomass).

The various impregnation ratios of (1:1 to 1:6) Methylene blue,
Methyl Violet and lodine number were determined. It has been
tabulated in the table: 1 for an impregnation range of 1:5 gives the
maximum value of Methylene blue (57), Methyl Violet (71.25) and
lodine number (1103) was obtained.

The iodine number of 1103 mg g™, which is much greater than
Methylene blue number and methyl Violet number of 57 and 71.25
mg g™ indicates that the prepared activated carbon is more of micro
pores and less in mesopore, When the impregnation ratio increases,
the more swelling of the material and hence stronger release of
volatiles leading to increased pores.

Table 1: Impregnation Ratio:

Impregnation

Ratio (IR) 1:1 1:2 1:3 1:4 1:5 1:6

Methylene Blue
Number 315 41.2 442 47.2 5t 42

(mg g%

Methyl Violet
Number 38.2 40.5 47.2 58.5 71.2 45.7

(mg gt

lodine Number

1 701 | 765 | 791 | 941
(mgg)

1103 859
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Based on the above values the graph was drawn between Methylene
blue number Vs Impregnation Ratio, Methyl violet Vs Impregnation
Ratio and lodine number Vs Impregnation Ratio.
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Fig 3.1: Effect of Impregnation ratio on Methylene Blue Number
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Fig 3.2: Effect of Impregnation ratio on methyl Violet Number
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Fig 3.3: Effect of Impregnation ratio on lodine Number
3.3 Effect of Temperature

The Impregnation ratio is fixed as (1:5) by varying the temperature
as range of (300 to 800°C) for this range the Methylene blue
,Methyl Violet and the iodine number were determined. It has been
tabulated in the table: 2 for the temperature range of 700°C gives the
maximum value of Methylene blue (61.25), Methyl Violet (80.25)
and lodine (1778). The iodine value of 1778 mg g which is much
greater than Methylene blue number of mg g™ indicates that the
prepared activated carbon is more of micro pores and less in
mesopore. Higher temperature makes the substances which stay
deeply in the particle have the chance to disintegrate and explode.

Table2: Activation temperatures

Temperature(°C) 300 400 500 600 700 800

Methylene Blue
Number

(mg gt

42.7 49.5 54 56.25 61.5 53.25

Methyl Violet
number 57

(mg gt

64.5 | 66.75 69 80.2 66

lodine Number

. 1252
(mg g?)

846 941 1116 1778 1549

Based on the above values the graph was drawn between Methylene
blue number Vs Temperature, Methyl Violet Vs Temperature and
lodine number Vs Temperature.
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Fig 3.4: Effect of temperature on Methylene number
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Fig 3.5: Effect of temperature on methyl violet number
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Fig 3.6: Effect of temperature on lodine number

3.4 Effect of Time

The Impregnation Ratio (1:5) and Activation Temperature (700°C)
is fixed by varying the activation times as (60 to 180 mins) for this
range the Methylene blue, Methyl violet and the lodine number were
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determined. It is tabulated in the table 3 from these values at the time
of (90 min) gives the maximum value of Methylene blue (63),
Methyl Violet (81) and lodine (1725).The obtained values will
compare with the literature; it shows the Methylene blue value is in
mesopore structure and the lodine number value is in micro pore
structure. This could be attributed to the fact that when increasing
the time of carbonization, some volatile compounds which were in
the inner part of particle could evaporate more with longer
carbonization time.

Table 3: Activation time

Time(min) 60 90 120 150 180 210

Methylene
Blue

Number(mg g = e
ik

54.75 51 44.25 40.5

Methyl Violet
number (mg g

)

77.25 81 73.5 68.25 61.5 57.75

lodine
Number(mg g

)

1400 1725 1292 1170 1076 981

Based on the above values the graph was drawn between Methylene
blue number Vs Time, Methyl Violet Vs Time and lodine number
Vs Time.
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Fig 3.8: Effect of Time on methyl violet number
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Fig 3.9: Effect of Time on lodine number

4. Conclusion

The present investigation evaluates that the activated carbon made
from sterculia foetida is used as an effective and economic
adsorbent. The fruit shells of Sterculia foetida were found to be a
promising precursor for the production of activated carbon materials.
The detailed study on the process for activated carbon from Sterculia
foetida using phosphoric acid as activating agent has been carried
out. The optimum condition for activation is found to be the
impregnation ratio of 1:5, Activation Temperature is 700°C and
Activation Time is 90 min.

Further studies required to predict better adsorption capacity. That is
various experimental parameters such as effect of contact time,
initial concentration of dye, adsorbent dosage, pH and temperature.
The theories of Freundlich and Langmuir adsorption isotherm were
used to describe the adsorption process of dye.
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