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Abstract

Biochar production from biomass is a globally adopted strategy for carbon sequestration and also for integrated
agricultural applications. In the present study biochar was produced at 600°C by slow pyrolysis of lignocellulosic agro
industrial residue coir pith. Chemical and structural transformation of coir pith happened due to pyrolysis process. Changes
in cellulose crystallinity was analysed by XRD and FTIR method. XRD analysis indicates cellulose crystallinity index
change. FTIR analysis shows several characteristic peak changes indicating structural transformations of cellulosic

components.
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Introduction

Conversion of biomass into biochar is an effective method for
carbon sequestration. Carbon stored in biomass can be locked
within soil for many years by addition of converted biochar into
the soil*. Immediate agricultural carbon foot print reduction can
be attained by this process. Biochar also have significant
agricultural applications® > * such as improving water retention
capacity of soil, reduced quantity of fertilizer input, crop yield
improvement®, ability to absorb plant nutrients®, heavy metal
adsorption of contaminated soils’, etc. Studies have reported
that amendment of biochar to soil reduces emission of potent
green house gases methane and nitrous oxide®*****, Biochar can
be a habitat for soil microbes also*’. Sorptive property of
biochar has also been explored™ for several applications.
Common methods of biochar production** are pyrolysis*® and
gasification’®. Pyrolysis can be categorized into fast and slow
and the physical properties of biochar are dependent on the
pyrolysis process and the charring temperature. Lignocellulosic
components of biomass undergo several chemical changes
during pyrolysis process. Cellulose components may undergo
depolymerisation during biochar formation. As the biochar
composition varies according to the biomass source, it is of
significance to characterize the physical properties of biochar.
Crystallinity of the biochar has impact on its sorptive property
and hence the study of crystalline nature of biochar is important.
Also biochar crystallinity may have effects in the accessibility
of microbial population.

Coir pith is a lignocellulosic agro industrial residue generated
during the coir defibering process which is heaped in bulk
quantities near the coir defibering units. It creates several
environmental issues such as poly phenol leaching, pollution of
nearby receiving water bodies, resistance for natural degradation
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etc. Coir pith which is usually perceived as a waste can be
utilised for the production of biochar which offers a means of
waste management and valuable product development. Biochar
production from coir pith and its application for decolourisation
of coir pith black liquor has been already reported'’. Biochar
coir pith can be used as an environmental sorbent and the
sorptive property of biochar can be explored to treat industrial
effluents as well. Sorptive efficiency of biochar coir pith may be
influenced by cellulose crystallinity. X-ray diffraction (XRD)
analysis is an effective method to assess the cellulose
crystallinity change while FTIR analysis can be used for
structural change analysis'®. Earlier paper reports cellulose
crystallinity assessment of coir pith using XRD method®.

This paper reports the cellulose crystallinity change occurred by
the conversion of coir pith into biochar.

Material and Methods

Materials: Coir Pith (CP) samples were collected from a coir
defibering unit at Alleppey district, Kerala, India. Collected
substrate was washed with tap water, dried and stored in air
tight containers. Biochar production was done using this stored
coir pith.

Methods: Biochar Production: Biochar was produced by slow
pyrolysis of coir pith in a muffle furnace at 600°C for 30
minutes. The resultant Biochar Coir Pith (BCP) was cooled in a
decicator and used for crystallinity analysis.

XRD Analysis: Coir pith and biochar coir pith produced by
slow pyrolysis were used for analysis of cellulose crystallinity
change. Rigaku X — Ray diffractometer was used to perform the
crystallinity study. The radiation used was of Cua radiation at a
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wavelength of 1.5418 A°. The samples were scanned at a scan
rate of 1° per minute with scan angle (20) from 7 ° to 40° and the
sampling rate was 0.02° (20).

The cellulose crystallinity index was calculated using the
equation

Crl= oo x 100 (equation 1)
loo2

where Crl indicates the relative degree of crystallinity, I, is the

maximum intensity (in arbitrary units) of the 002 lattice

diffraction and I, is the intensity of diffraction in the same

units at 20 = 18°.

FTIR Analysis: Comparison of crystallinity changes of coir
pith and biochar coir pith was achieved by Fourier
Transformation Infrared (FTIR) analysis. FTIR spectrum of the
coir pith and biochar coir pith was taken with a resolution of 4
cm™ and 32 scans per sample. The absorbance spectra were
recorded at wave numbers from 500 — 4000cm™.

Results and Discussion

Cellulose Crystallinity Change Asessment: A graph was
plotted with XRD data of coir pith as shown in figurel and
another one was plotted with XRD data of biochar produced as
shown in figure.2 Equation 1 and graph values along with XRD
data helped to calculate the cellulose crystallinity index values.
Calculated values of crystallinity index of coir pith and biochar
are given in table 1

Table-1
Crystallinity Index values of Coir pith and Biochar
Sample Loz lam Crl
Coir pith 622 379 39.06
Biochar Coir Pith 108 102 5.55
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Figure-1
XRD Graph of Coir pith
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Figure-3

FTIR Spectrum of Coir pith and Biochar Coir pith



Research Journal of Recent Sciences

ISSN 2277-2502

Vol. 2(1SC-2012), 1-6 (2013)

Comparison of FTIR spectrum of coir pith and biochar coir pith
is shown in figure 3. Peak change at 1040 cm™ indicates
cellulosic transformations. Characteristic polysaccharide peak
change at 3430 cm™also indicates cellulosic depolymerisation.
Peak intensity change at 1610cm™ can be attributed to the
dehydration. In product development perspective and in
agricultural application perspective information regarding
cellulose crystallinity of biochar shall be of significance.

Conclusion

Slow pyrolysis is an effective method to convert coir pith into
biochar. Pyrolysis induces chemical changes to the substrate.
Cellulosic depolymerisation and degradation occurred during
biochar conversion process and cellulose crystallinity index was
significantly reduced. XRD and FTIR analysis also indicates
structural transformations. Loss of cellulose crystallinity for
biochar shall have its impact on its sorptive property.
Information on cellulose crystallinity shall be useful while
utilising  biochar  for  bioremediation and agricultural
applications. Biochar production from coir pith also serves as a
sustainable method of waste to valuable product conversion.
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