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1. INTRODUCTION
Carbon materials exhibit unique properties like allotropy and catenation.  Graphite and diamond are the oldest allotropic forms of carbon known. Kroto et al., have discovered, another allotropic form of carbon, the Fullerene in 1985 [1].  The most new allotropic form of carbon that has been discovered recently is the carbon nanotube (CNT) which can be visualized as a rolled up sheet of grapheme.  The various allotropic forms of carbon so far known are shown in Fig. 1. It is interesting to note that the carbon materials can exists in different shapes (tubular, onion, sea shell, necklace, cone, tripod, coils and many others) as depicted in Fig. 2. 
[image: image1]  

                 Fig. 1. Various allotropic forms of carbon materials known so far
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                 Fig. 2. Various shapes in which carbon materials can exist [2]

In general, highly porous carbonaceous materials, are referred to as activated carbon materials [3].  One of the most successful and commercial applications of activated carbon materials include the gas separation (oxygen and nitrogen) for producing high pure oxygen.  In such applications the microporous carbon materials act as molecular sieves.  Interestingly as the pore dimensions of these activated carbon materials more or less close to the magnitude of the adsorbate molecules, they exhibit high adsorption capacity.  The ability of the carbon molecular sieves to effect the separation of gas mixtures depend on the ability of the molecule to diffuse into the micropore volumes.  Apart from molecular sieving, activated carbon materials find diverse applications like the treatment of potable and effluent (from refineries, electroplating industry and from the manufacturers of detergents, chemicals, insecticides, herbicides and fungicides).  Also activated carbon being an effective decholorinator, it is used for the purification of edible oils, food stuffs, pharmaceutical intermediates and chemicals.  For the recovery of solvents such as chloroform, carbon tetrachloride, acetone, pentane, methyl ethyl ketone, tetrahydrofuran, white spirit, benzene, toluene, xylene, petroleum and ether which were used extensively in industries such as paints, adhesives, printing, rubber, plastics, dry cleaning, chemicals and textiles, activated carbon materials have been exploited extensively.  Apart from the above, activated carbon materials do influence each sphere of human activity and are used in military, nuclear reactors, air treatment, recovery of precious metals, catalysts, catalyst supports and templates [3].

As the applications are many, the demand for activated carbon is high which has necessitated the search for new precursors for activated carbon and also the environmentally friendly methods for the production of activated carbon materials.


Thus the object of the present research work has been to explore an economically viable carbon precursor and also an environmentally friendly process for the production of activated carbon materials.

2. EXPERMENTAL 
2.1. Choice of Carbon Precursor

A variety of carbon precursors, namely, apple pulp, cane bagesse, corn cob, coconut shell corn stalks, date pits, eucalyptus wood, guava seeds, oat hulls, olive-stone, pea nut hulls, pecan shell, pine wood, rice husk, rice straw, rock rose, saw dust and walnut wood have also been exploited by researchers for producing activating carbon materials.


The fruit shells of Sterculia foetida constitute a novel carbon precursor for the preparation of activated carbon which have not yet been identified as a source for carbon material.  Various components of the tree Sterculia foetida are shown in Fig. 3.
 
[image: image2]
Fig. 3. The tree, leaves and fruit of Sterculia foetida
2.2. Methods of Preparation of Carbon Materials
2.2.1. Preparation of Carbon Material As synthesis 

The shells of Sterculia foetida are seen all around the campus of IIT Madras. The shells have no practical use. Transformation of the shells into a value added product like activated carbon is worth while from economic and environmental view points.  Known weight of the dry shells have been taken and placed in a muffle furnace. The temperature of the furnace has been raised to 300 °C and kept for 30 min during which devolatilization and subsequent charring of the carbon precursor takes place.  The charred shells were then taken out and ground using a mortar and pestle.  The material obtained is sieved through a 200 mesh sieve. The resulting fine carbon powder is designated as carbon material as synthesized.  
2.2.2. Physical Activation using Steam as an Activating Agent
Activation essentially involves the generation of pores due to the burn off of the amorphous carbon.  If the activating agent were to be in gaseous form like, CO2, air and steam, the process of activation is called as physical activation.  In the present case, steam is used as an activating agent.  The process of steam activation involves placing known amount of as synthesized carbon material into the quart tube which is located in the tubular furnace. Both ends of the quart tube are sealed so that no air enters into the tube. But a provision is made so that steam alone goes through the quartz tube from one end and gaseous products formed as a result of activation are sent out of the quartz tube from the other end.  One important precaution that needs to be taken during the start of the process of steam activation is that the water taken in the steam generator need to be saturated with high pure nitrogen so that the dissolved oxygen is removed. Other wise the dissolved oxygen in the water causes the complete combustion of carbon as synthesized leading only to the formation of ash.   The temperature of the furnace is then raised to 800 °C. Simultaneously the generation of steam is started and high pure N2 gas is bubbled through the steam generator so that the steam is carried through the carbon material placed in the quartz tube.  The process of activation is carried out for 1 h. Then the temperature of the furnace is lowered to room temperature and the sample is removed from the tube and subsequently treated with base (NaOH) and acid (HCl) for removing the silica and metallic impurities respectively present inherently in the carbon matrix. The carbon material thus obtained is designated at CSf activated (Physical, steam, activation) where CSf represents carbon material from Sterculia foetida
2.2.3. Chemical Activation using K2CO3 as an Activating Agent
The process of activation carried out in presence of activating agents either in the form of solid state of liquid state is called as chemical activation.  In general, as corrosive chemicals like NaOH and H2SO4 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.  In the current study, K2CO3 is used as an activating agent.    Typically, the process involves mixing and grinding of equal amounts of carbon material as synthesized and the activating agent (K2CO3) and then placing the same in a quartz tube.  The process of activation is carried out in an inert environment in tubular furnace.  The temperature and time of activation are 800 °C and 1 h respectively.  After the activation, the temperature of the furnace is lowered.  The activating mixture is removed and then subsequently treated with base (NaOH) and acid (HCl) for removing the impurities and the decomposition products of the activating agent. The activated carbon material thus obtained is designated as CSf activated (Chemical, K2CO3, activation).
2.2.4. Base and Acid treatment of Carbon materials 
The carbon material as synthesized, the carbon sample immediately obtained after physical and chemical activations were subjected to the treatment with base and acid to remove impurities like SiO2 and metallic species (K, Na, Ca, Mg, Fe) which will be inherently present in the plant tissue.  Such a treatment with NaOH and HCl is inevitable to get rid of these impurities.  Typically, the process comprises of taking the known amount of the carbon sample. To this nearly 10 times by weight, 10 wt. % NaOH solution is added and the contents are stirred using a magnetic stirring for 1 h followed by filtering and washing the carbon sample.  After this treatment with base, the carbon material obtained is weighed and treated with nearly 10 times by weight conc. HCl so as to remove the metallic impurities. 
2.3.  Characterization Techniques
2.3.1 Powder X-ray diffraction (XRD) analysis 
XRD patterns of various materials were recorded using Rigaku miniflex II desktop  X-ray diffractometer operated at  30 kV and 15 mA using CuKα radiation (λ = 1.5418 Å) at a scan rate of 1°/min.  The diffraction profiles were obtained in the scan range (2θ) of 
5 - 90°.    
The interlayer spacing is calculated from the Bragg equation as shown below:

                                    d = nλ/2Sinθ

where λ is the wave length of the radiation (CuKα) used = 0.15405 nm

θ is the diffraction angle for the peak position.  
Using Scherrer equation (shown below), the values of average crystallite size along the c-axis (stacking axis), Lc and along the a - axis, La, were determined.

L = Kλ/BCosθ where L = Lc or La
B is the half-width of the peak in radians and K is the shape factor.  The shape factor K depends on the lattice dimension.  The K values of 0.9 and 1.84 were used respectively for calculating Lc and La values.  
2.3.2 Brunauer-Emmet-Teller (BET) sorptometry

The sorptometric analysis on various materials was carried out on Sorptometic 1990 Carbo Erba sorptometer using high pure nitrogen (99.99 %) as adsorbent at 77 K (-196 °C). Prior to the analysis, the carbon samples were out gassed (in an evacuation chamber, Carlo-Erba out gassing unit with a Pirani gauge, at a temperature of 523 K under a vacuum of 10-6 Torr for 12 h. The specific surface area values were derived from the isotherm using BET method in the relative pressure range, p/p0 (p is the adsorption pressure and p0 is the saturation vapour pressure), of 0.05 and 0.3 where the monolayer coverage is assumed to be complete and also assuming that the surface area occupied by per physisorbed nitrogen molecule as 0.162 nm2.   The total pore volume was calculated from the amount adsorbed (liquid volume of nitrogen) at a relative pressure of 0.99.  
2.3.3 Thermogravimetric/Differential Thermogravimetric (TG/DTA) Analysis

The thermal properties of the materials were evaluated on a Perkin Elmer Diamond TG/DTA instrument.  A weighed amount of the sample to be analysed was placed in a cylindrical alumina crucible mounted on one of the 2 mm diameter alumina rods.  The sample was heated in a dynamic air atmosphere at a rate of 283 K/min.
2.3.4 FT-IR spectroscopic studies

The FT-IR spectra of various samples were recorded on Shimadzu spectrophotometer. The spectral range of analysis is 450 - 4000 cm-1 with a resolution of 4 cm-1.  The spectra were obtained in transmission mode at 20 scans.  Pressed KBr pellets were prepared by grinding 200 mg of carbon samples with 0.5 g of KBr.
3. RESULTS AND DISCUSSION

3.1. XRD analysis
The structural parameters and features of the carbon materials as synthesized and activated (physical and chemical activation) were obtained from the XRD analysis.  The XRD curves of carbon materials as synthesized is shown in Fig. 4.   In addition to the two broad peaks at 2θ values of 25 and 41
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Fig. 4. XRD pattern of carbon material as synthesized
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Fig. 5. XRD pattern of carbon material as synthesised after base and acid treatment
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Fig. 6. XRD pattern of physically activated carbon material before treatment with base and acid
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Fig. 7. XRD pattern of physically activated carbon material after treatment base and acid
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Fig. 8. XRD pattern of chemically activated carbon material after treatment base and acid

3.2. BET sorptometry
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Fig.  9. N2 adsorption-desorption isotherm of carbon material as received
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Fig.  10. N2 adsorption-desorption isotherm of physically activated carbon material 
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Fig.  11. N2 adsorption-desorption isotherm of chemically activated carbon material 

3.3. FT-IR analysis
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Fig. 12.  FT-IR spectrum of carbon material as synthesised
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Fig. 13.  FT-IR spectrum of physically activated carbon material 
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Fig. 14.  FT-IR spectrum of chemically activated carbon material

3.4. TG-DTA analysis
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Fig. 15.  TG-DTA curves of carbon materials (a) as synthesized, (b) physically activated and (c) chemically activated
4. SUMMARY AND CONCLUSION
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