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1. INTRODUCTION
Materials based on carbon have been evolving all the time. In recent times these materials have given rise to a variety of intriguing possibilities in terms of structure, morphology, texture, properties and applications.   However, one of the challenging and desired aspects for carbon materials is to find ways of producing these materials from alternate (natural) sources and to tune the textural, structural, morphological and surface properties in relation to the application in mind. Industrially, activated carbon materials are produced from either coal or lignocellulosic materials (Okada et al., 2003).  In addition to several specific advantages like retention of the structural features of the original plant tissue (biotemplating feature), carbon materials produced from botanical sources possess high carbon content.  The O/C and H/C ratios are lower in the case of carbon materials produced from plant sources rather than from coal.  Char from botanical sources or the raw plant material lose H and O more easily than C when heat treated in inert environment (Tseng et al., 2007). As a result the carbonization yield is also higher for the carbon materials from lignocellulosic materials. Activated carbon materials have been extensively exploited for a variety of applications like purification, separation, storage and as support for catalyst.  Typical advantages of the use of activated carbon materials include: high quality of the effluent achievable, simplicity of the process design and ease of operation.  In addition, the carbon materials being insensitive to toxic substances and corrosive environments, the regeneration is possible and easy, rendering the industrial use of activated carbon materials an economically viable option (Wang et al., 2008).  The specific physico chemical properties that make activated carbon materials a potential adsorbent for pollutants include: high specific surface area, porous architecture, high adsorption capacity and surface functionality (Merzougui and Addoun, 2008). The choice of the carbon precursor as well as the method of activation are the two crucial issues that determine the quality and the applicability of the activated carbon materials produced  Thus developing activated carbon materials with desired properties to meet the energy and environmental needs of the society has been the focus of the present work..
2. OBJECTIVES AND SCOPE OF THE WORK
1. As uniform quality activated carbon is not available indigenously, the objective of the study is to develop a viable process for the production of high surface area activated carbon materials from a widely available, inexpensive carbon precursor and also to exploit the same for energy and environmental applications.

2. Heteropoly acids (HPAs) are strong solid super acid catalysts. The limitation for the use of heteropoly acids is their low specific surface area in the solid state (( 10 m2/g) (Corma, 1997). One of the ways of increasing the surface area of the HPAs is to support them on high surface carrier. Activated carbon materials are suitable supports for HPAs where in the acidity is retained.  Choosing an appropriate carbon support for HPAs, for typical acid catalyzed reactions like tert amyl methyl ether (TAME) and methyl tert butyl ether (MTBE) syntheses is a challenge which has been one of the objectives of the study.  When loaded on suitable support, HPAs will work as an active solid acid catalyst to be comparable to, or preferable to, the typical solid acids such as silica-alumina, supported phosphoric acid, and acidic zeolites (Izumi et al., 1983). The study particularly gains prominence as it simultaneously addresses the issues improving the performance of HPA’s and also the production of gasoline additives such as MTBE and TAME which are well known gasoline additives in petroleum industry. Such oxygenates (gasoline additives) are essential to increase the oxygen content of the gasoline above 2 wt.% leading to an improvement in the burning characteristics of the fuel.  Addition of oxygenates such as TAME or MTBE to gasoline not only improve the burning characteristics of fuels (Ancillotti et al., 1998; Boz et al., 2005) but also causes a reduction in CO and unburnt hydrocarbon exhaust emission.  
3. Lack of efficient and inexpensive electrocatalysts for MeOH oxidation is a challenge for the large scale utility of direct methanol fuel cells. The objective of this work is to design a cost effective and highly active electrocatalyst by developing new porous carbon material as support for Pt and as an alternative to Vulcan XC 72 R.  There are two major problems associated with the development of direct methanol fuel cells (DMFCs) where Pt is widely used for electrode applications. The first is poisoning of the electrode by CO (Dicks, 2006).  The second problem is the high cost of the catalyst restricting the rapid and wide spread commercialization of fuel cells.  There are two approaches by which one can remedy these the above two problems. One approach is to find suitable alternatives (partial or complete) to the active component i.e., Pt and the second approach is to find a suitable alternative to Vulcan XC 72 R carbon black which is the best carbon support material commercially used till date (Rajesh, 2002). Breakthrough in the commercialization of DMFCs is possible by the development of suitable support carbon material. 

4. Removal of organo-sulphur compounds from diesel is an issue of interest from scientific, social, economic and environmental view points.  Production of clean fuel is the goal of petroleum refining industry. The reduction of S below certain levels in diesel fuels becomes difficult due to the presence of sterically hindered S-compounds (such as 4, 6 - dialkydibenzothiophenes) that are difficult to desulfurize over conventional supported mixed sulfide catalysts. Newer technologies based on novel routes like adsorption, oxidation and chelation are being developed to remove these refractory S-compounds. Desulphurization process based on adsorption technology is a new promising approach.  Desulphurization is realized at ambient temperature and pressure in this process.  Development of adsorbents with a high sorption capacity and also appreciable selectivity for sulfur-containing species relative to aromatic and olefinic compounds is a stumbling block which has been addressed in the current study of “Adsorptive desulphurization process” utilizing activated carbon materials as sorbents. Oxygen containing surface functional groups are known to enhance the sorption of di benzo thiophene (DBT). Adsorption capacities were directly correlated to the density of acidic groups on the surface (Ania et al., 2007; Alhamed et al., 2009, Yu et al., 2008). The main objective of the present study is to utilize carbon materials for the adsorptive desulfurization of a medium S-containing straight run diesel fraction with a S content of 737 ppm, from Cauvery Basin Refinery (CBR), India.
5. Mercury is one of the most toxic elements present in the environment causing ill effects on human health (Nabais et al.,). Central nervous system, kidney function and chromosomes are adversely affected by mercury poisoning.  One of the peculiar characteristics of mercury is its bioaccumulation (Madhava Rao et al., 2009).  Mercury is absorbed strongly into the biological tissues and the elimination of the same is extremely slow.  Search for new technologies, to reduce mercury in the effluent streams whether it be water bodies or air, is the need of the hour and is being pursued actively. ‘Adsorption’ based technology possess the ability to reduce contaminants (gas and liquid streams) by several orders of magnitude with the operation being relatively simple. Ordinary carbon adsorbents will not be suitable for achieving remarkable decrement in Hg levels.  They possess only little capacity of mercury removal. More over most of the commcercially available carbon materials are expensive necessitating the need for the development of low carbon materials (Madhava Rao et al., 2009). Developing low cost and effective activated carbon based sorbents (modified with S) for the removal of Hg from water bodies has been one of the objectives of the study owing to the environmental significance of the issue.

3. SUMMARY OF THE RESEARCH WORK

3.1. Carbon Materials from Calotropis gigantea for Catalytic Application

Microporous activated carbon materials with a large surface area and a narrow pore size distribution has been prepared from the dried stems of Calotropis gigantea. Low ash content as well as the uniformity in properties (physical and chemical) through out the samples, were the unique advantages of activated carbon produced from Calotropis gigantean stems compared to the carbon materials produced from either coal or lignocellulosic materials.  
Table 1. Textural parameters of commercial activated carbon materials Vs Carbon materials from Calotropis gigantea
	S. No.
	Carbon Material
	SBET (m2/g)
	Vp (cm3/g)

	1
	Black Pearl 2000
	1012
	1.14

	2
	Vulcan XC 72 R
	224
	0.46

	3
	CDX 975
	215
	0.28

	4
	Cg carbonate 3
	1296
	0.73

	5
	Cg oxalate 4
	745
	0.39


Ecological imbalance caused by Calotropis gigantea stem waste generation and disposal is solved in a productive way by transforming the waste Calotropis gigantea stems into technologically useful high specific surface area microporous carbon. Methods for tuning the textural and structural parameters of activated carbon materials have been proposed. Many activating agents, transition metal compounds, alkali and alkaline earth compounds, alkali metal salts of carboxilic acids have been used for activation purposes (Table 1). 
Among several classes of activating agents, K2CO3 was found to be the best yielding peculiar pore structure (Fig. 1 (a)) with textural properties superior to those of commercial activated carbon materials (Adsorbent carbon, Black Pearl 2000, Calgon, CDX 975 and Vulcan XC 72 R). In addition, alkali metal carbonates, alkali metals salts of carboxylic acids, like, Na2C2O4, were found to be potential activating agents. The carbon material obtained , Cg potassium carbonate 3, has been successfully exploited as support for HPW and employed as a catalyst for the synthesis of tert amyl methyl ether, a preferred gasoline additive (Fig. 1 (b))..  
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Fig. 1. (a) SEM image of Cg potassium carbonate 3 and (b) Plot of conversion of TAA (wt. %) Vs Reaction time (in minutes)

3.2. Carbon Materials from Limonea acidissima for Electrocatalytic Applications
Activated carbon materials from natural sources (lignocellulosic materials) have been widely exploited for sorption and catalytic applications. Such materials have remained unexplored for energy conversion device applications.  Activated carbon material was synthesized from Limonea acidissima (wood apple) shells using KOH as activating agent. The carbon material (CWA, Carbon from wood apple shell) obtained was used as support for Pt.   Diffraction peaks characteristic of Pt metal with a face centered cubic lattice are observed and the peaks are all indexed (Fig. 2 (a)). The electrocatalyst Pt/CWA was employed for the fabrication of anode for the electroxidation of MeOH
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Fig. 2. (a) X-ray diffraction patterns of (a) 5 wt.% Pt/CWA (crystallite size ~5.0 nm) (b) 10 wt.% Pt/CWA (crystallite size ~10.2 nm) (c) 20 wt.% Pt/CWA ) (crystallite size ~10.4 nm) and (d) 20 wt.% Pt/Vulcan XC 72 R (crystallite size ~13.1 nm) and (b) Cyclic Voltammetric response of  (a) GC/CWA - 5 wt.% Pt - Nafion electrode (b) GC/CWA - 10 wt.% Pt - Nafion electrode (c) GC/CWA - 20 wt.% Pt - Nafion electrode and (d) GC/Vulcan XC 72 R - 20 wt.% Pt - Nafion electrode in 0.5 M H2SO4 and 1 M MeOH,  at a scan rate of  25 mV/sec  between -0.2 to 1.2 V Vs Ag/AgCl
The cyclic voltammograms recorded with electrodes fabricated using 5, 10,  and 20 wt.% Pt supported on carbon material CWA are shown in Fig. 2 (b). For comparison, the cyclic voltammetric response from the electrode fabricated with 20 wt.% Pt supported  on Vulcan XC 72 R is also shown in Fig. 2 (b).  The onset potential being a little lower (0.21 V) than the commercial vulcan carbon (0.25 V), 5 wt.% Pt/CWA showed a higher current density which is an indication of higher electrochemical catalytic activity (Table 2). The activated carbon material produced from Limonea acidissima by KOH activation is a promising support for Pt for the electroxidation of MeOH.  The excellent performance of 5 wt. % Pt/CWA is attributed to the increase in the extent of utilization of Pt metal. Thus the use of carbon material from Limonea acidissima as support for Pt offers the promise of effective utilization of Pt, high electrooxidation (MeOH) activity, high CO tolerance and long term stability.  A strong correlation was found between the Pt crystallite size and the electooxidation activity and stability of the carbon supported Pt catalysts.

Table 2. Effect of Pt loading and the nature of the carbon support on the electro catalytic activity of MeOH Electrooxidation of Pt/CWA and Pt/Vulcan XC 72 R

	S. No.
	                   Electrode
	   Onset Potential,     

     V
	if/ib
	                                    Activity*

	
	
	
	
	      Forward sweep
	     Reverse sweep

	
	
	
	
	I 

(mA/cm2)
	E (V)
	I (mA/cm2)
	E (V)

	1
	GC/CWA-

5 % Pt-Nafion 
	0.21
	14.4
	69.0
	0.92
	4.97
	0.37

	2
	GC/CWA-10 % Pt-Nafion 
	0.18
	1.45
	55.0
	0.86
	37.6
	0.52

	3
	GC/CWA-20 % Pt-Nafion 
	0.18
	1.60
	58.9
	0.82
	37.28
	0.51

	4
	GC/Vulcan XC 72 R-20 % Pt-Nafion 
	0.25
	0.96
	40.9
	0.75
	42.6
	0.56


*Activity evaluated in 0.5 M H2SO4 and 1 M MeOH,  at a scan rate of  25 mV/sec  between -0.2 to 1.2 V Vs Ag/AgCl
3.3. Carbon Materials for Adsorptive Desulphurization
Several commercially available activated carbon materials of varying physical and chemical properties were tested as adsorbents for the removal of organo sulphur compounds from CBR diesel. The carbon materials used were adsorbent carbon (A) from Adsorbent Carbons Pvt. Ltd., India.  Calgon carbon (B) from Calgon Carbon (Tianjin) Co. Ltd., Activated carbons, IG 18 x 40, IG 12 x 40 and IG 8 x 30 from Indo-German Carbon Ltd., India and the Activated carbons, AC 4 x 8, AC 6 x 12, AC 12 x 30 from Active Carbon Pvt. Ltd., India. In a typical adsorption experiment, a glass column of length 50 cm and internal diameter 1.5 cm was packed with 5.0 g of carbon sorbent with glass beads on either side. Diesel was fed on top of the sorbent bed.  The first 20 ml product collected at the out let was analyzed for S. From the S content remaining in the product and subtracting the same from the S content in the feed diesel (737 ppm),  the S removed by the carbon  was obtained. The S content in the product was analyzed by using an Oxford XRF analyzer.  The feed and the product diesel were also analyzed (in some experiments) for individual sulphur compounds using a GC-PFPD (Gas Chromatography – Pulsed Flame Photometric Detector).
The results of the adsorptive desulphurization experiments are presented in Table 3. Both nitric acid treatment and subsequent Ar activation enhanced the S adsorption ability of the carbon samples, the Ar activated samples being more active for adsorption. Combination of nitric acid treatment and Ar activation induces suitable surface functionality, polarity (surface hydrophilic and hydrophobic functional groups), phase structure (discussed under XRD) and pore structure into the carbon adsorbents facilitating enhanced adsorption of the organo-sulphur compounds present in the diesel feed stocks.  

Table 3.  S sorption capacity of the different carbon samples. 

	Carbon
	S removed*, (in ppm)

	Adsorbent carbon as received
	410

	Adsorbent carbon treated with HNO3
	577

	Adsorbent carbon treated with HNO3 followed by Ar activation
	586

	Calgon carbon as received
	451

	Calgon carbon treated with HNO3
	488

	Calgon carbon treated with HNO3 followed by Ar activation
	619


*S romoved from the first 20 ml diesel after passing through the sorbent bed; S content in the diesel feed – 737 ppm; Carbon loading: 15g

The nature of the S components present in the product diesel was analyzed using GC – PFPD and the results obtained over 15.0 g sorbent bed using modified Adsorbent carbon (A) and Calgon carbon (B) are shown in Table 4. It is observed that the most highly refractive compounds (C2BT and C2DBT) present in the feed prior to desulphurization process are absent in the product diesel after the adsorption process exemplifying the utility and usefulness of the process in selectively adsorbing the refractory S-compounds that are difficult to desulfurize over conventional hydrotreating catalysts.

Table 4. Type and amount of the S compounds in the feed and the product diesel (after passing through the carbon bed) as analyzed by GC – PFPD 

	Sulphur Species
	                                      S content (in ppm) 

	
	CBR diesel (Feed)
	Adsorbent carbon HNO3 followed by Ar treatment,

15.0 g
	Calgon carbon, HNO3 followed by Ar treatment,

15.0 g

	C1BT
	4.6
	Nil
	Nil

	C2BT
	119.6
	Nil
	Nil

	C3BT
	137.5
	75.2
	67.2

	C3+BT
	79.6
	68.9
	47.4

	DBT
	91.5
	2.6
	1.3

	C1DBT
	157.7
	Nil
	Nil

	C2DBT
	116.7
	Nil
	Nil

	C3DBT
	29.5
	4.3
	2.1

	Total S
	737
	151
	118


*C1, C2, C3, C3+ BT and DBT - mono, di, tri and multi alkyl substituted benzothiophene and dibenzothiophenes

3.4. Carbon Materials from Borassus flabellifera for Catalytic Application
High specific surface area (1070 m2/g), microporous activated carbon was prepared from the male flower spikes of Borassus flabellifera. The carbon precursor is exploited for the first time for the generation of activated carbon using the method of K2CO3 activation.  The carbon material derived, labeled as CBF potassium carbonate 1, exhibited peculiar pore structure resembling a bunch of carbon tubes (Fig. 3). 
[image: image8.wmf]20

40

60

80

c

b

Intensity (a. u.)

2

q

 (degree)

a


[image: image9.png]' /?ﬁ

“ P '
5/6/2009 HV mag pressure | 20 ym

WD | det

11:05:36 PM ‘20.00 kV‘ 2400 x| 9.8 mm |ETD|6.91e-6 Torr |



[image: image10.wmf]20

40

60

80

(222)

(311)

(220)

(200)

(111)

d

c

b

Intensity (a.u.)

2

q

 (degree)

a

JCPDS file no. 87 - 0647

(002)


Fig. 3. SEM images of activated carbon from Borassus flabellifea at different magnifications (a) 500 X and (b) 1200 X
The activated carbon material, CBF potassium carbonate 1, is employed as support for heteropoly acid (10, 20, 30 and 40 wt.% loadings of  dodeca tungstophosphoric acid). For comparison a mesoprous silica material (SBA 1) with high specific surface area was prepared by sol-gel method using TEOS as silica precursor and CTAB as structure directing agent and the same was employed as support for HPW.  The carbon and silica supported heteropoly acid catalysts were evaluated for their performance for acid catalyzed reaction of MTBE (methyl tert butyl ether) synthesis.  The carbon supported catalysts (HPW/C) were thoroughly characterized by XRD, BET sorptometry, FT-IR, and 31P MAS NMR primarily to know the structural and textural properties of the supported catalysts and to confirm the retention of the primary Keggin type poly anion on the carbon surface. The N2 adsorption-desorption isotherms of carbon supported heteropoly acid catalysts are shown in Fig. 4 (A). and the textural parameters of the respective catalysts were indicated in the figure caption. With an increase in the amount of HPW loading a decrease in the SBET and Vp values are observed as expected which is a result of the blocking of the micropores of the carbon support by the poly anions. Similar trend of loss in SBET and Vp values is also observed in the case of mesoporous silica support (Fig. 4 (B)).
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Fig. 4. N2 adsorption-desorption isotherms of (A) Carbon supported catalysts, (a) CBF potassium carbonate 1 (SBET = 1070 m2/g, Vp = 0.55 cc/g), (b) 10 wt. % HPW/C (SBET = 786 m2/g, Vp = 0.39 cc/g), (c) 20 wt.% HPW/C (SBET = 756 m2/g, Vp = 0.36 cc/g), (d) 30 wt.% HPW/C (SBET = 678 m2/g, Vp = 0.31 cc/g) and (e) 40 wt.% HPW/C (SBET = 582 m2/g, Vp = 0.29 cc/g) and (B) Mesoporous silica supported catalysts (a) SBA 1 (SBET =  918 m2/g, Vp = 0.46 cc/g), (b) 10 wt. % HPW/SBA 1 (SBET = 567 m2/g, Vp = 0.28 cc/g), (c) 20 wt.% HPW/SBA 1 (SBET = 535  m2/g, Vp = 0.26 cc/g), (d) 30 wt.% HPW/SBA 1 (SBET = 480  m2/g, Vp = 0.24 cc/g) and (e) 40 wt.% HPW/SBA 1 (SBET = 393 m2/g, Vp = 0.22 cc/g) and (f) 50 wt.% HPW/SBA 1 (SBET = 265 m2/g, Vp = 0.15 cc/g)
The carbon and silica supported solid acid catalysts were evaluated for their performance for MTBE synthesis. The time on stream stability of the HPW supported on carbon and silica were evaluated for a duration of 48 h. HPW/Carbon and HPW/Silica were found to show stable performance even after 48 h on stream.  Thus the activated carbon material prepared from an inexpensive source and by adopting simple method is found to perform on a par with the well acclaimed mesoporous silica (SBA 1) support. 
3.5. Carbon materials from Ipomoea carnea for Mercury Sorption Application
Mercury being highly toxic and also released into the environment in alarming quantities from industries such as chloralkali, pulp and paper, oil refining, electrical, rubber processing and fertilizer, there is an urgent need to develop environmentally friendly, low cost and regenerable sorbents for the removal of Hg from water bodies. To an attempt to solve the afore mentioned problem a new botanical source, Ipomoea Carnea, is employed for the production of activated carbon which is used as sorbent for Hg (II). S/Hydrazine solution is used as a S precursor for functionalizing carbon material with S. Functionalization of carbon surface with S has enhanced Hg (II) sorption. The structural features of the carbon materials, CIC as synthesized, CIC base acid, CIC S functionalized were studied by X-ray diffraction (Fig. 5. (A)) . It is observed that the carbon material (as synthesized) possessed a turbostratic graphitic structure. In addition treatment with HCl followed by NaOH treatment effectively removed mineral contaminants (Na, K, Mg, Ca, Si) which will be intimately associated with the biomass. Also S functionalization carried out at 400 °C in inert atmosphere has not altered the original micro structure of the carbon material.  
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Fig. 5 (A) XRD pattern of Carbon materials from Ipomoea Carnea,CIC, (a) CIC as synthesized (b) CIC base acid and (c) CIC  sulphur functionalized carbon material (CIC (B) FT-IR spectra of carbon materials from Ipomoea Carnea (a) CIC as synthesized (b CIC base acid (C IC B A) and (c) CIC  sulphur functionalized carbon material
Presence of S on the carbon surface (a band at 1165 cm-1 attributable to C=S bond) is confirmed from the FT-IR studies Fig. 5 (B). Hg (II) sorption studies were carried out on bare and S functionalized carbon materials produced from Ipomoea Carnea. The analysis of Hg (II) in solution was carried out by adopting the method developed by (Ramakrishna et al., 1976).  Process parameters like effect of initial concentration of Hg (II), effect of pH of the solution, effect of equilibration time and the effect of adsorbent dose were evaluated. The sorption capacity of bare carbon was found to be 45 mg Hg (II)/g of carbon sorbent. S functionalization showed improvement in Hg (II) sorption (Fig. 6.)
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Fig. 6. Effect of pH on the sorption of Hg (II) by sulphurized carbon (C IC 400 N2 B A S) and bare carbon (C IC B A)
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