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ABSTRACT

Prosopis Wood Biochar (PWB) produced through pyrolysis of wood biomass of 
Prosopis Juliflora was characterized for its physicochemical characteristics, 
energy properties, surface morphology and functional groups. PWB had a 
pH of 8.70, EC of 1.49 dS m-1, H/C of 0.11 and O/C ratio of 0.13. The zeta 
potential of the PWB was - 24.2 mV with microporous surface characteristics 
(pore size of about 1.32 µm to 2.51µm diameter and length was 1.34 µm 
to 10.14 µm). PWB had aldehyde as predominant functional groups along 
with alkyl halides, alkenes and aromatic compounds.
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INTRODUCTION

Biochar is a carbon-rich product obtained by 
thermal decomposition of organic material under 
limited supply of oxygen and at relatively low 
temperatures (Lehmann and Joseph, 2009). The 
application of biochar and its market is increasing 
over the years for the search of the carbon-rich 
product with tailored characteristics. Biochar markets 
for remediation, fuel cell, wastewater treatment, 
carbon offsets, as capacitors, as an alternative for 
charcoal and coal, as packaging materials are in 
high demand. Biomass and agricultural residues 
are either dumped or burnt thereby releasing more 
of greenhouse gases. In contrast, converting the 
biomass into char reduces the volume of biomass 
and converting the carbon into a more inert form that 
slowly undergoes decomposition (Lehmann, 2007).

A number of wood, sludge and agricultural 
residues were converted into biochars resulting with 
different characteristics. Lignocellulosic is one of 
the major components of biomass product that is 
renewable and reusable, it is an environmentally 
friendly product (Wang et al., 2015). Agricultural 
wastes such as tea waste, coffee waste, watermelon 
seed hulls (Akkaya and Guzel, 2013), lam tree 
(Cordia africana) sawdust, groundnut shell, coir 
waste (Kavya et al., 2015) castor (Ricinus communis) 
(Maheshwari and Santhi, 2013) and cocoa (Mathew, 
2017) biochars were produced and used. Because 
of its high carbon content, Prosopis Wood Biochar 
(PWB) is utilized either as biochar (Angaleeswari 
and Kamaludeen, 2017) or hydrochars (Shalini et 
al.,2018). In the current study, Prosopis wood was 
converted into biochar and its characteristics are 
detailed. 

MATERIAL AND METHODS

Raw material

Prosopis wood was collected from different 
localities such as Telugupalayam and Thondamuthur 
in Coimbatore district. Samples were air dried 
at room temperature and stored in the high-
density polyethylene bags to carry out the Biochar 
production.

Biochar production

Biochar of Prosopis was done through pyrolysis 
at 450˚C for 2-3 hours. The resulting biochar was 
crushed and sieved through 2mm size. Then the 
sieved biochar of PWB was kept in an oven at 60˚C 
for 48 hr to reduce the moisture content. Biochar 
samples were stored in an airtight container for 
further analysis.   

Characterization techniques

The Prosopis wood biochar was characterized 
based on standard protocols. The proximate analysis 
(volatile, fixed carbon, ash content) was carried out 
according to ASTM (E-892, E-830) (ASTM 1977) and 
ultimate analysis (C, H, O, N) are calculated. The bulk 
density (gcm−3) was estimated as Mass/ Volume. 
The PWB was also analyzed for pH, EC (dSm−1) (M/s. 
Elico, India), CEC (cmol p+ kg−1), pore space (%), and 
water holding capacity (%) using standard techniques 
(Jackson 1973). The surface morphologies were 
visualized with SEM (ICON ANALYTICAL, FEI, QUANTA 
200). The dried samples were coated with a thin 
layer of gold to reduce electron altering effects 
and to obtain clear and high-resolution images 
at 5000 X at 20 Kv. Surface elemental analysis 
was also conducted simultaneously with the SEM 
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at the same surface locations using EDAX (ICON 
ANALYTICAL, EDAX, GENESIS XM4). In this FTIR 
analysis, Prosopis biochar was especially used to 
determine the functional groups present for each 
temperature and biomass, especially carbons. FT-
IR spectra were recorded with 1.0 mg of biochar 
sample embedded in potassium bromide 30.0 mg 
(KBr) and then pressed into pellets separately and 
observed in an FTIR (Model 8400S of Shimadzu, 
Japan) using Attenuated Total Reflectance (ATR) 
technique having wavelength source 400-4000 cm-1 
(Trakal et al., 2014).

RESULTS AND DISCUSSION

Composition of PWB

The moisture content of the Prosopis wood 
biochar (PWB) was less (1.49 %) as it is exposed to 
a higher temperature during pyrolysis. The pH of the 
biochar is alkaline (8.7) (Table 1). 
Table 1. Physico chemical characteristics of 

Prosopis Wood Biochar

Parameter PWB

Moisture content (%) 1.49
pH 8.70
EC (dSm-1) 1.49
Pore space (%) 30
Cation exchange capacity (cmol (p+) kg-1) 15.7
Particle size (nm) 277
Zeta potential (mV) -24.4

Similar alkaline pH of biochars was reported in 
coir waste (Kavya et al., 2015) and coconut shell 
(Angaleeswari et al., 2017a). Biochars with alkaline 
pH was used for the removal of cations during 
wastewater treatment. Berek (2014) stated that 
during pyrolysis at high temperature there will be 
increase in pH of the biochar content. 
Table 2. proximate and Ultimate composition (%) 

of Prosopis wood biochar (PWB)

Proximate analysis (%) Ultimate analysis (%)
Fixed carbon 37.92 C 81.54
Ash content 1.59 H 0.75
Volatile matter 79.23 O 15.19

N 1.10
S 0.37

Electrical Conductivity of the biochar is 
responsible for the exchange of ions. EC of PWB 
was recorded to be 1.49 dS m-1 with a bulk density 
(0.48 g cc-1), and particle density (0.26 g cc-1). 
Shenbagavalli and Mahimairaja (2012) reported 
similar results. Cation-exchange Capacity (CEC) of 
the PWB was 15.7 cmol kg-1. Most of the chars have 
CEC ranging from 9.76-15.70 and this high CEC 
facilitates the char to be used for sorption of cations 
and heavy metals (Yao et al., 2011 and Jiang et al., 
2012). CEC varies significantly between terrestrial-
derived biomass from different feedstocks, ranging 

from 4.5 to 40 cmol kg-1 (Bird et al., 2011 and Uzoma 
et al., 2011). 
Table 3.  Elemental  rat ios,  Density  and 

Energy Properties of Prosopis Wood 
biochar(PWB)

Biochar yield (%) 40

Bulk density (g/cc) 0.48

Particle density (g/cc) 0.26

H/C 0.11

O/C 0.13

Calorific value (J) 26.11

Elemental composition of Biochar

The elemental composition of the biochar (Fig. 
1) revealed that the char contains the carbon (73 
percent), nitrogen (2.3 percent), oxygen (12.98 
percent). 
Table 4. Functional groups of PWB
Functional Groups Frequency (cm-1) Bond Intensity Mode

Alkyl Halides 481.15 S-S Strong Deformation

Alkenes 988.31 CC Medium Bending

Aromatic 
compounds

1582.31 CC Medium Stretching

Aldehyde 2788.56 CH Broad Stretching

The fixed carbon content is more (37.92 percent) 
compared to ash content (1.59 percent) (Table 
2), wherein all the material has been converted 
to carbon, which can be considered as a good 
adsorbent. The elemental composition of PWB 
reveals that its rich in carbon (81.54 percent) due 
to the carbonization process which has added the 
carbon content to it with a negligible amount of 
sulphur and hydrogen. 

The percentage composition of carbon with 
81.54 (higher than other) due to significant 
temperature rise, with low content of nitrogen and 
hydrogen due to the loss of moisture during the 
carbonization process. The C/N ratio of the Prosopis 
Biochar was 87.6. These values are closely similar to 
those reported for other carbonized Biochar (Novak 
et al., 2009; Rondon et al., 2007) moisture and an 
ash content of PWB (0.47,1.26 percent) but pore 
space was lower (31.01 percent).

Surface morphology of Prosopis wood biochar

A SEM image (Fig-2) of crudely pulverized 
Prosopis based biochar clearly reflects that the 
hardwood biomass pattern of higher resolution 
(5000X). Irregular elongated structures at the micro-
scale level and the particles were aggregated in a 
random manner. Macro and microporous structure 
were observed on surface scatter manner with a 
pore size varying from 1.32 µm to 2.51 µm diameter 
and length was 1.34 µm to 10.14 µm (Fig. 2). Similar 
to our results, Mathew (2017) reported 1.614 µm 
pore diameter of Cocoa pod waste biochar. SEM 
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Fig. 1 Elemental composition of Prosopis wood biochar 
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Fig. 1 Elemental composition of Prosopis wood biochar 
 
 

 

 

 
Fig 2. Surface characteristics of Biochar (5000x)  
 
 

 
 
Fig 3. FTIR spectra of PWB 
 

results indicate the surface properties of biochar and 
also pore dimension based on which they are also 
used for stripping of pollutants. The macroporous 
structure of biochar is potentially important to water 
holding and adsorptive capacity of pollutant in soil 
and solution systems (Angin, 2013).

The particle size was measured to be in 
nanometers (277 nm), which relates not only the 
higher surface area also the improved adsorptive 
potential with rich active sites for adsorption. The 
zeta potential of the PWB (- 24.2 mV) due to the 
presence of negatively rich charged surfaces of the 
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PWB. The pore size measured from SEM was found 
to be micrometers ranging from 1.390 to 3.590 µm 
(Fig. 2)  its micropore size having a pattern of regular 
and irregular circular shape and also oval shaped 
pores can be seen in the micrographs. The presence 
of such micropores increases the surface area of 
the biochar and ultimately aids in more adsorption. 
Biochars having the high surface area and pore 
volumes have a greater affinity for metals because 
metallic ions can be physically sorbed onto the char 
surface and retained within the pores.

Functional groups of Prosopis wood biochar

The FTIR spectra of the PWB (Fig. 3 and Table 
4) showed a strong peak at 481.15 cm-1 with an S-S 
bonding of Alkyl Halides functional group of strong 
deformation. The reflections at 2788.56 cm-1 are 
caused by C-H Aldehyde vibrations, 1582.31 cm-1 
produced by C=C aromatic chain vibrations, 988.15 
cm-1 produced by alicyclic and aliphatic chain 
vibrations and 481.15 cm-1 caused by S-S functional 

Fig 2. Surface characteristics of Biochar (5000x)

groups of biochar. Similar CH, OH, CC, SS bond were 
found for studied by Manikandan and  Subramanian 
(2015). Angaleeswari and Kamaludeen (2017b) 
reported that these functional groups play a major 
role in the sorption of nickel ions. 

As a raw material, Prosopis wood is made up of 
polymers of lignocellulose (mainly hemicelluloses, 
cellulose, and lignin), after biochar having surface 
active groups (hydroxyl, carboxyl, and amine, etc.,) 
in their structures that are capable to bind heavy 
metals. The results obtained that the spectra of 
biochar (Fig.3) agreed well with the spectra of 
reference to carbon and surface functionality. The 
functional groups of aldehyde, alcohol, amines, 
aromatic compounds and alkenes are being indicated 
corresponding to the peaks observed in FTIR analysis 
with a medium to strong intensity of bond strength. 
The richness in functional groups on it represents 
its more adsorption rate due to the affinity of those 
compounds towards heavy metals. Angaleeswari and 
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Fig 3. FTIR spectra of PWB
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Kamaludeen (2017b) reported that these functional 
groups play a major role in the sorption of nickel ions.

CONCLUSION 

Biochar production is a viable waste management 
option Prosopis wood, due to abundance could 
be used as a potential feedstock for biochar 
production. The current investigation revealed 
that PWB could be used as an adsorbent for 
pollutants owing to its charge and functional group 
characteristics. Modification of biochar to design for 
more adsorption can be another mode to utilize it 
for other applications. 
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