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Investigation on Physicochemical Properties of Biochar Produce
Through Different Gas Flow Rates in an Open Core Downdraft Gasifier
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ABSTRACT

Biochar was produced using cotton stalk through open core downdraft gasifier at 18, 20, 22, and
24 m’/h gas flow rate, and produced biochar was analyzed for physicochemical properties for
suitable application. The average bulk density of shredded cotton stalk biochar was found as
179.21 kg/m?. The proximate analysis of shredded cotton stalk biochar in terms of fixed carbon,
volatile matter, ash content; and the ratio of volatile matter to fixed carbon were found as 33.56,
49.48, 5.50 (%, d.b), and 1.47, respectively. The maximum value of gasification efficiency
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founded at 22 m’/h thus the values of pH, EC, O.C,, available N, P,0,, K,O, S, and CEC of biochar
was found as 10.35, 9.90 dS/m, 2.85 %, 0.0014 %, 0.015013 %, 1.284 %, 0.047 % and 48.00

me/100gm, respectively.

Keywords: Cotton stalk biochar (CSB), Open core downdraft gasifier, Gasification,

Physicochemical properties, Biomass
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INTRODUCTION

The term “biochar” is recently on trending position, yet
biochar in one form or another have been used for soil
improvement. In the Amazon Basin, there exists evidence of
extensive use of biochar in the fertile soils known as Terra
Preta (black soil) and Terra Mulata (mulatto earth), which
were created by ancient, indigenous cultures of the time most
likely to enhance localized soil productivity.

To supply the rising demand for food worldwide agriculture
has become more reliant on chemical fertilizers as a source of
plant nutrients in recent decades. However, in the recent
years, the environmentalists and agricultural scientists have
realized that continued and unbalanced use of chemical
fertilizers deteriorate the soil fertility, cause environmental
pollution and affect the soil microbial activity. Thus,
increasing awareness is being created on the use of organics
including biochar to sustain the soil fertility and plant
productivity.

In recent years, biochar has emerged as an amendment with
mineral fertilizer and hold a promise to improve the yield of
crops. Biochar has been found to have a significant influence
on soil fertility, bringing more helpful fungi and bacteria,
enhancing crop production, and retaining nutrients without
causing hazard to the soil and water environment.

The benefits of biochar to soils for agricultural purposes are
numerous. Biochar may be added to soils with the intention to
improve the soil, displace an amount of conventional fossil
fuel-based fertilizers, and sequester carbon. However,
commercial employment of biochar as a soil amendment is
still in its infancy. The effect of biochar as a soil amendment on
crop productivity is variable due primarily to interactions and
processes that occur when biochar is applied to soil, which are
not yet fully understood. Currently, Japan has the largest
market for biochar products; approximately 15,000 tons/year
is traded annually for soil use (Filiberto and Gaunt, 2013).

Biochar application also improves the overall sorption
capacity of soils and therefore it might influence the toxicity,
transport and fate of different heavy metals in the soil. Glaser
et al. (2002) and Lehmann ef al. (2003) also reported the
increase in the availability of major plant nutrients due to
application of biochar.

The beneficial effects of biochar are determined primarily by
some of its properties: high porosity, responsible for its high-
water retention capacity, high cation exchange capacity, which
favors the retention of nutrients and prevent their loss, direct
nutrient supply depending on the type of biochar, and the
capacity of being a habitat for beneficial microorganisms,
which can promote the release and uptake of nutrients by
plants was reported by Atkinson ef al. (2010) and Sohi et al.
(2009).

However, the use of fossil fuel-based fertilizers contributes to
greenhouse gas emissions while similarly encouraging the
depletion of the natural nutrient and minerals in healthy soils.
Biochar, the solid material obtained from the carbonization of
biomass through pyrolysis and gasification, is a potential soil
amendment and carbon sequestration medium. Verheijen ef
al. (2009) critically reviewed the effect of the application of
biochar on the properties of soils. A compilation of studies for
analyzing the effects of biochar application to soils and plant
productivity showed that a small but statistically significant
positive effect on plant productivity in the majority of cases.
Therefore, in current research investigation biochar was
produced through different gas flow rates in an open core
downdraft gasifier using cotton stalk and evaluate its
performance in terms of physiochemical properties for
suitable application.

MATERIALS AND METHODS

Physicochemical properties and proximate analysis of
shredded cotton stalk biochar

Cotton stalk was collected from the instructional farm of the
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College of Agricultural Engineering and Technology,
Junagadh Agriculture University, Junagadh, Gujarat. Biochar
obtained through open core gasification of shredded cotton
stalk, during the experimental run conducted at all the four
levels of gas flow.

Physical properties of shredded cotton stalk biochar
Different size fraction of biochar of shredded cotton stalk were
also analysed in terms of weight and length. There samples of
randomly selected, 1000 g biochar of shredded cotton stalk
obtained from each experiment run were used for the analysis.
Size fractions the biochar was divided into five different size
fractions i.e. large, material retained in 4 mesh (4.76 mm)
opening sieve, medium, material retained in 5 mesh (4.00 mm)
opening sieve, small, material retained in 8 mesh (2.38 mm)
opening sieve, thin, material retained in 9 mesh (2.00 mm)
opening sieve and powder (less than 2 mm) as the material
passed through 9 mesh opening sieve. In each case 100 g
biochar was used for sieving the biochar manually a total of 10
sieving for each experimental run. The material retained and
passed through each subsequent sieve were considered as
total five different size fractions. Each size fraction was
weighed and measured randomly for its minimum and
maximum length of biochar. The bulk density of the biochar
was also measured.

Proximate analysis of shredded cotton stalk biochar
Proximate analysis characterizes the biochar moisture
content, volatile matter, ash content and fixed carbon.
Proximate analysis of the fuel defines its volatility and
burning properties. ASTM standard recommended for coal,
sparky fuels, etc., which meets the demand of the biomass
material largely was used for this analysis.

Moisture content

Moisture content of most of the biomass fuel depends on the
type of fuel, its origin and treatment before it is used for
gasification. Moisture content of the fuel is usually referred to
inherent moisture plus surface moisture. The moisture
content below 15 percent by weight is desirable for trouble
free and economical operation of gasifier. Fuel moisture
content (FMC) of cotton stalk was determined by drying the
known weight of sample in hot air oven at 105 + 2 °C while
keeping the ground sample in Petri dish till constant weight.
The ratio of weight of water to the initial weight of the sample
was the moisture content of fuel on dry basis (d.b.). For most of
the biomass samples 2 h drying is sufficient.

3)

(wo—w

FMC, (%, d.b.) =
(w3z—wy)

x100
Where,

w,=weight of the empty Petridish, g

w,=weight of the wet sample plus Petri dish, g

w,;=weight of dry sample plus Petri dish, g
Volatile matter
Volatile matter and inherently bound water in the fuel were
given up in pyrolysis zone forming a vapor consisting of
water, tar, oils, and gases. Fuel with high volatile matter
content produce more tar. Volatile matters in the fuel
determine the design of gasifier for removal of tar. Volatile
matter of cotton stalk biomass is the product, exclusive of
moisture, given off by a material as a gas or vapor when solid
biomass is heated out of contact with air under standardized
conditions that may vary according to the nature of the

material. Oven-dried biomass sample was kept in the tarred
crucible. Two drops of benzene were added in it to displace air
in the environment surrounding the sample. The crucible was
closed with lid and placed in the muffle furnace and heated at
600+10 °C for six minutes and 900+10 °C for another six
minutes. The loss in weight divided by the initial weight of
biomass is the volatile matter on dry basis of oven dried
biomass fuel.

_ (wa-w3)

= x 100
(wz- wp)

Volatile matter (%, d.b)

Where,

w=weightof theempty crucible, g

w,=initial weight of the sample plus crucible, g

w=final weight of sample plus crucible, g
Ash content
Mineral content of fuel, which remains in oxidized form after
combustion of fuel, is called ash. In practice, ash also contains
some unburned fuel. Ash content and ash composition have
impact on smooth running of gasifier. Melting of ashes in
reactor causes slagging and clinker formation. If no measure is
taken, slagging or clinker formation leads to excessive tar
formation or complete blocking of reactor. In general, no
slagging occurs with fuel having ash content below 5 percent.
In this method, oven-dried biomass sample kept in the silica
crucible was placed in the muffle furnace at 750 + 25 °C till
constant weight. The ratio of the final weight to the initial
weight of the sample was the ash content of the moisture free
biomass sample.

(W3- wq)

Ash content (%, d.b) = R x 100

w2- W)
Where,
w=weightof empty crucible, g
w,=initial weight of the sample plus crucible, g
w,=final weight of sample (ash) plus crucible, g
Fixed carbon
The fixed carbon represents the non-volatile combustible
component of the fuel. The amount of fixed carbon present
gives a rough indication of the charcoal yield. Also, a higher
fixed carbon material is generally better suited for gasification
then a lower fixed carbon material. After determining fuel
moisture content (d.b.), volatile matter (d.b.) and fuel ash
content (d.b.). The fixed carbon content was estimated from
the material balance equation given below
FC (%, d.b.)=100-VM (%, d.b.)-ASH (%, d.b.) ..........(4)
Where,
FC (%, d.b.)=percentage of fixed carbon on dry basis
VM (%, d.b.)=percentage of volatile matter on dry basis
ASH (%, d.b.)=percentage of ash on dry basis
Chemical analysis of shredded cotton stalk biochar
Chemical analysis of biochars were carried out in terms of pH,
electrical conductivity (EC), Organic Carbon, available N,
available P,0,, available K,O, available S and cation exchange
capacity (CEC) for calculation method was used is given in
Table1.

RESULTS AND DISCUSSION

Proximate analysis of shredded cotton stalk biochar
Proximate analysis in terms of fixed carbon, volatile matter
and ash content is determined and results of this analysis are
presented in table 2. The fixed carbon, volatile matter, ash
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Table 1: Chemical properties of biochar

Sr No.| Particular Method followed
1 pH (1:10) pH meter (Richards, 1954)
2 EC (1:10)(dS/m) | EC meter (Jackson, 1974)
3 Organic Carbon | Walkely and black method (Jackson,
(%) 1974)
4 Available N Alkaline KMnOs method (Subbiah and
(ppm) Asija, 1956)
5 Available P20s Olsen’s method (Olsen et al., 1954)
(%)
6 Available K20 Flame photometric method (Jackson,
(%) 1974)
7 Available S (%) | Turbidity method (Chaudhary and
Cornfield, 1966)
8 CEC(me/100gm) | Versenate EDTA Method (Jackson,
1974)

content and ratio of volatile matter and fixed carbon were
found as 33.56, 49.48, 5.50 (%, d.b) and 1.47, respectively for
cotton stalk biochar. Enderset al. (2012) found that ash content,
volatile matter and fixed carbon of peanut and soyabean
biochar as 6.8 %, 45.6 %, 47.6 % and 15.2 %, 47.0 % and 37.8%
(w/w), respectively.

Table 2: Proximate analysis of shredded cotton stalk biochar

Sr. Ash |Volatile matter | Fixed carbon | Volatile matter
No. | content, content, content, / Fixed carbon
% d.b % d.b % d.b
1 5.50 49.48 33.56 1.47

Physical properties of shredded cotton stalk biochar

Table 3 shows the average values of different size fractions of
the biochar and minimum and maximum length of the
biochar. It can be seen from the table that average weight of the
different size fraction were found as 235.207 g, 143.771 g,
244.981 g, 146.090 g and 229.951 g considered as large (more
than 4.76 mm) i.e. material retained in 4 mesh opening sieve,
medium (4.00 — 4.76 mm) i.e. material retained in 5 mesh

Table 3: Different size fractions of shredded cotton stalk

biochar
Sr. Size fracti Average . h
No. ize fractions weight ength, mm
8 % | Minimum | Maximum
1 | Large, (more 235.20 | 23.52 12 80
than 4.76 mm)
2 | Medium, (4.00 - | 143.77 | 14.38 11 53
4.76 mm)
3 | Small, (2.38 - 244.98 | 24.50 09 35
4.00 mm)
4 | Thin, (2.00 - 146.09 | 14.61 03 22
2.38 mm)
5 | Powder, (less 229.95 | 23.00 - -
than 2 mm)
Total | 1000| 100

opening sieve, small (2.38 —4.00 mm) i.e. material retained in 8
mesh opening sieve, thin ( 2.00 — 2.38 mm ) i.e. material
retained in 9 mesh opening sieve, and powder (<2 mm) as the
material passed through 9 mesh opening sieve, respectively. It
can also be seen from the table 3 that percent weight fractions
of large, medium, small, thin, and powder were found as 23.52
%, 14.38 %, 24.50 %, 14.61 % and 23.00 %, respectively. It can
also be seen from the table 3 that the percent weight fractions
were ranged from a minimum value of 14.38 % for medium
sized fractions (4.00—4.76 mm) to a maximum value of 24.50 %
for small sized fractions (2.38 — 4.00 mm). It can also be seen
from the table 3 that the minimum and maximum length of
different size fractions of large, medium, small and thin were
found as 12 - 80 mm, 11 - 53 mm, 9 - 35 mm, and 3 - 22 mm,
respectively.

Chemical properties of shredded cotton stalk biochar

Table 4 shows the chemical properties of shredded cotton stalk
and its biochar.

It can be seen from the table that the values of pH, EC
and CEC of biochar obtained at 18, 20, 22 and 24 m’/h
gas flow rates were found as 9.97, 10.54, 10.35, 10.93; 10.57,
9.11, 9.90, 11.97 dS/m and 29.70, 43.30, 48.00, 49.03
meq/100gm, respectively. It can also be seen from the

Table 4: Chemical properties of shredded cotton stalk biochar at different gas flow rates

Value at different gas flow rates
SrNo. | Particular
18m3h 20mh 22m/h 24m/h

1 pH (1:10) 9.97 10.54 10.35 10.93
2 EC (1:10), dS/m 10.57 9.11 9.90 11.97
3 Organic Carbon,% 3.75 2.4 2.85 3.3

4 Available N, % 0.04 0.08 0.04 0.07
5 Available P20s, % 0.14 0.14 0.15 0.15
6 Available K20, % 0.876 1.806 1.284 2172
7 Available S, % 0.063 0.070 0.047 0.068
8 CEC, me/100gm 29.70 43.03 48.00 49.03
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table that the values of O,C, and available N of biochar
obtained at 18, 20, 22 and 24 m’/h gas flow rates were found as
3.75, 2.4, 2.85, 3.3 % and 0.0024, 0.0018, 0.0014, 0.0017 %,
respectively. Similarly, the values of available P,0O,, available
K,O and available S of biochar obtained at 18, 20, 22 and 24
m’/h gas flow rates were found as 0.014552, 0.014645, 0.015013,
0.015842 %; 0.876, 1.806, 1.284, 2.172 % and 0.063, 0.070, 0.047,
0.068 %, respectively.

Similar kind of results were found by Allaire ef al. (2015) and
presented that the values of pH, N, P,O; K,O and S of biochar
of Maple bark as 8.39, 0.58 %, 806 mg/kg, 8.10 cmol/kg and
1.51%, respectively. Gulef al. (2015) also found that N, P,O;and
K,O of wheat straw derived biochar as 0.9%, 3.51 g/kg and 75.5
g/kg, respectively. Venkatesh ef al. (2013) also found that pH,
EC, N, P,0,, K,0O and CEC of cotton stalk biochar as 9.3, 0.08
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