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1. INTRODUCTION
In the bronze and iron ages around 5500 years ago probably the first use 
of char as a fuel took place. Before this, char was used as a drawing 
medium by artists. Cave paintings made with char have been found, 
dated to 30,000 years BC [1]. Tar or pitch as by-product of char was 
used as water proof for wooden structures, in particular ships, as far 
back as Roman times [2].

In recent years, the rising cost of energy associated with decreasing 
fossil fuel reserves, are incentives for the development of new green 
energy technologies using agricultural wastes (AW) [3]. Recycle of 
AW, which is simply to burn to ash for disposal has seen a sharp 
increase, posing a serious social problem for our society and it is a 
major challenge in the protection of environment and natural 
resources. Biomass (agricultural wastes) is the third largest primary 
energy sources after coal and oil in the world [4].  India produces near 
about 350 million tons of agricultural waste per year [5], such as straw, 
bagasse, coffee husks and rice husks as well as residues from forest-
related activities such as wood chips, sawdust and bark etc.

AW is a versatile source of energy which can be readily stored and 
transformed into electricity and heat. Combustion of AW alone emits 
less CO ; the energy produced is less in comparison to that of fossil 2

fuels. Hence utilizing the co-firing of coal and AW fuels is 
compromising between CO  emissions and the energy production [6].2

The use of AW is essentially to minimize the environmental impact 
arising from coal combustion and carbonization and their proper 
utilization [7-8] in these areas, because it does not affect the natural 
carbon cycle and gives comparatively less toxic gases. 

2. MATERIALS AND METHODS
2.1. Selection of agricultural waste materials
The selection of raw material is mostly dependent on the easily 
available agricultural wastes in our surrounding areas. Another 
important criterion for the selection of the raw material is its ability to 
bind together when compressed. This includes wooden dust (WD), 
Coconut Shell (CS), Sugarcane bagasse (SB), and Rice Husk (RH); all 
biomass agricultural wastes samples were collected locally from 
different places of Haryana, India, which was further prepared for slow 

opyrolysis at temperature 800±50 C for one hour @ 8-15ºC/min heating 
rate.  The crop residues used varied widely in properties and 
representative samples of each feedstock was chosen for 
characterisation on as received basis. 

2.2. Characterization methodology
2.2.1. Proximate and Ultimate analyses, Gross Calorific Value (GCV), 

Surface Area, and pH determination

Proximate analysis was performed on agricultural biomass waste 
samples (WD, CS, SB, and RH) for the determination of ash, moisture 
(M), volatile matter (VM) and fixed carbon (FC) contents following 
the (ASTM E871-82, E1755-01, and E872-82) [9]. The fixed carbon 
content was calculated by difference. The proximate analysis for 
Wooden dust char (WD ), Coconut Shell char (CS ), Sugarcane ch ch

bagasse (SB ), and Rice Husk char (RH ) was determined according ch ch

to ASTM D1762-84 standard method [10]. 

ASTM E777, E778 and E775 standard method was followed for 
ultimate analysis [11] in order to determine the basic elemental 
composition such as, carbon ©, hydrogen (H), nitrogen (N) and 
sulphur (S) content of the agricultural waste and corresponding char 
samples using CHNS analyser. Oxygen (O) content was calculated by 
the difference. 

The Gross Calorific Value (Higher Heating Value) of all the samples 
was determined by bomb calorific measurement [12].

Surface area was determined on dry biochar samples via N  adsorption 2

at 77 K on a Surface Area Analyzer [13].

Biochar samples (10 g) were soaked in (1:20, w/v ratio) slurry in water 
[14] for the measurement of pH meter. 

3. RESULTS AND DISCUSSION
3.1. Proximate and Ultimate analyses of agricultural wastes 
samples
The proximate and ultimate analyses of the WD, CS, SB, and RH are 
included in Table 1. From this table, it is observed that all the 
feedstocks have relatively less ash (2.88-7.92%); higher content of 
VM (65.55-76.91%), FC (13.61-17.54%), and GCV (3460-3990 
kcal/kg). Agricultural biomass contains much more ash-forming 
elements than most of forestry biomass and hence higher ash contents 
in agricultural biomass [15]. There is higher content of carbon, oxygen  
and hydrogen in most of all the feedstocks (C, 38.83-46.01%; O, 
46.00-51.93%; H, 4.87-7.39%. Further the lower content of hetero 
elements (N, 0.54-0.71% and S, 0.04-0.17%) in all the samples is 
advantageous from the consideration of environmental concerns as 
agricultural biomass upon thermo-chemical treatment releases a 
mixture of various types of SOx and NOx gases which are toxic in 
nature and not environment friendly. 

In this paper, an attempt has been made to convert agricultural wastes (such as, wood dust, coconut shell, sugarcane 
bagasse, and rice husk) into biochar by pyrolysis method which can be used as an alternate source of energy and as a 

substitute for fossil fuel up to some extent. Consequently, this study includes the characterization of agricultural wastes and their effect on biochar 
derived from them. This conversion process helps in producing a new carbonaceous product in the form of biochar which can be further used for 
enhancement of carbon content, soil ameliorant, enhance soil fertility, and in waste water treatment. 
In this study biochars derived at temperature 800oC have low ash, high carbon content, Gross Calorific Values (GCV) along with high surface 
area, which concludes proper utilization of this product for metallurgical purposes as a source of energy.
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Table 1 Proximate and Ultimate analyses (as received basis) of samples

AW Samples Proximate Analysis Ultimate Analysis GCV 
(kcal/kg)M% VM% Ash% FC% C% H% S% N% O%

Wood Dust 
(WD)

5.12 74.50 2.88 17.54 46.01 7.39 0.06 0.54 46.00 3990

Coconut Shell 
(CS)

15.20 65.55 3.17 16.14 44.92 6.38 0.04 0.71 47.95 3950
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 3.2. Yield, pH, GCV, and surface area of the bio-chars 
Yield, pH, GCV, and surface area of the biochars derived from WD, 
CS, SB, and RH are shown in Table 2. From this table it is observed that 

othere is relatively lower yield of chars at temperature 800 C of 
pyrolysis. The energy given to the wastes at high temperature may 
exceed the bond cessation energy which supports the release of the 
volatile components of the agricultural wastes in the form of gases 
resulting in less char yield. The reduction in the bio-char yield has been 
also reported by other workers [16, 17]. 

The pH value for WD , CS , SB , and RH  varies from 9.19 to 11.32. ch ch ch ch

The GCV value for these bio-chars varies in the range 4691-5650 
kcal/kg [18]. Similarly BET surface area varies in the range 221.62 -

2 1466.70 m g- . Keluweit et al., 2010 [19] also observed the greater in the 
surface area with higher pyrolysis temperature. The increase in the 
GCV of the biochars is attributable to the heat contributing 
components (like FC, C, and H) present in the agricultural wastes. With 
this pyrolysis temperature, pore blocking substances are driven off or 
thermally cracked, leading to enhancement in the surface area and pore 
volume [20]. 

Biochars have higher in the pH together with significant surface area 
are suggestive of their better application potential in reducing the soil 
acidity; refining the cation exchange capacity (CEC) of soil-
attributable to its high surface area [21], creating an additional positive 
habitat for plants [22-25], and treating the soil and water contaminated 
with toxic elements and organic pollutants [26]. 

Table 2 Physical and chemical characteristics of the biochars 
derived from different feedstocks; GWC, CS, GN, WH and CC

3.3. Proximate and Ultimate analyses of WD , CS , SB , and RHch ch ch ch

Proximate and Ultimate analyses of all the obtained biochars are 
shown in Table 3. Biochar is created mainly by the thermal 
decomposition of lignin and some extractive part of agricultural 
wastes; whereas the VM is distorted in to the gas phase and minerals in 
the biomass are left as ashes [27]. The corresponding VM for WD , ch

CS , SB , and RH  are in the range of 5.50, 3.51, 5.33, 5.20 and 7.63 ch ch ch

wt. %, respectively. The presence of lignin in the agricultural waste 
material can partially resist pyrolytic decomposition at lower 
temperature but not at temperatures as high as 800°C [28]. The ash 
content in the corresponding biochars are 3.70, 3.36, 18.88, 22.10 and 
17.13 %, respectively.  The bio-char derived from ground nut, wheat 
husk and corn cob showed a high ash content, and this may be because 
of the partial change in the composition promoted by a possible 
relation between organic and inorganic constituents [28]. It can be seen 
that bio-chars with higher content of ash generally have the lower 
values of fixed carbon and vice versa. Similarly fixed carbon in WD , ch

CS , SB , and RH  are 84.39, 88.58, 71.80, 67.91 and 73.31 wt%, ch ch ch

respectively.

Further the ultimate analysis (Table 3) of WD  varies significantly in ch

respect of C, H, N, S, and O contents; the content being 82.02, 3.35, 
1.98, 0.13 and 8.82 wt%, respectively. Similar is the trend in case of 
CS , SB , and Rh . ch ch ch

Table 3 Proximate and Ultimate analyses of WD , CS , SB , and ch ch ch

Rhch

4. CONCLUSIONS
The results obtained in this study showed that the pyrolysis of different 
types of feedstock strongly influences the properties of the derived 
biochar. 
Ÿ Pyrolysis of the biomass enhances the calorific value of the 

derived biochar for example calorific value of WD, 3990 kcal/kg 
enhances to 5650 kcal/kg of Wd .ch

Ÿ Similarly, FC and C percentage increases in all cases of biochar 
derived from biomass.

Ÿ Surface area of derived biochar can help to achieve uniform and 
complete combustion of fuel.

Ÿ Derived biochar can be used as a reductant in Iron and Steel 
making.

Finally, derived biochar can become a potential option to be used as a 
substitute of renewable energy sources; soil ameliorant, enhance soil 
fertility, and in waste water treatment.
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Sugarcane 
Bagasse (SB)

6.80 76.91 3.70 16.59 42.46 4.87 0.17 0.57 51.93 3753

Rice Husk 
(RH)

9.61 68.86 7.92 13.61 38.83 6.53 0.40 0.66 53.58 3460

SL. 
NO.

Biochar samples Char yield
(%)

pH GCV 
(kcal/kg)

Surface 
2area (m /g)

1 Wood Dust Char 
(WD )ch

26.00 9.77 5650 466.70

2 Coconut Shell 
Char (CS )ch
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3 Sugarcane bagasse 
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