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Abstract
Among the various applications of cotton and castor biomass, application  
of biochar to soil is gaining popularity due to increased crop productivity 
and CO2 sequestration. The slow pyrolysis of cotton and castor stalk at 250- 
500°C was investigated in this study to characterize in terms of production 
of biochar, bio oil, pyrogases and its chemical properties by using batch 
type Pyrolyser. The biochar showed a general trend of decreasing biochar 
production and increasing bio oil, pyro gas production, PH, and EC and 
along with increasing temperature, and CEC decreased with increasing 
temperature. Out of all the experiments levels the best quality of biochar 
was found at 500°C temperature and 180 minutes’ residence time for the 
chopped cotton and castor biomass as feed stalk.
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Introduction
Biomass plays an essential role in both energy and 
environmental problems as a sustainable energy 
source. Agricultural residues, forestry residues, 
municipal rubbish, and city products are examples 
of biomass that can be directly burned, gasified, 
or pyrolyzed to provide various forms of energy. 
Biomass is abundant, renewable, and clean, since it 
emits no carbon and contains low levels of sulphur, 
nitrogen, and metals.1

The residence time, methods of heating and types 
of pyrolysis process (slow, intermediate, and quick 

pyrolysis processes) of the pyrolytic material 
distinguish pyrolysis technologies.21 Biochar is 
a fuel-grade charcoal generated from biomass 
through the pyrolysis process. Thermal degradation  
of lignocellulose biomass causes a significant loss  
of volatiles materials, at the end of the process 
carbon rich hard amorphous biochar is produced 
and that can be utilized as briquettes or a char-oil 
water slurry. Pyrolysis is divided into three types 
based on the operating conditions, traditional, 
rapid, and flash pyrolysis. The production of biochar 
varies 12-35 % depending on the temperature, rate  
of heating, residence time, size of biomass particle, 
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and other factors.10. Physicochemical components 
like FC, VM, AC and high calorific value are 
also used to determine the quaity of biochar for 
industrial and residential use. Furthermore, the 
surface characteristics of biochar have an impact on  
its reactivity and combustion behavior.26

Biochar is known as a multi-functional carbonic 
material, due to it promising wide applications  
in different field, such as soil amendment, carbon 
sequestration, and the trapping of organic and 
inorganic compounds.21 These applications differ 
depending on the physio- chemical and thermal 
degradation conditions, such as reactor system, rate 
of heating, retention time, and pyrolysis temperature.
The pyrolysis temperature is one of these operating 
conditions that has a significant impact on the end 
quality and applicability of biochar. The application 
of biochar to soil which effect on soil physical 
parameters like porosity, structure & texture of soil 
and bulk density, all these parameters can be helpful 
for better plants growth. Biochar can also help to 
increase soil acidity, capacity for cation exchange 
(CEC), water holding capacity, and it also provide 
better condition for beneficial microflora.20 Biochar 
produced from sludge can be used for the removing 
the pollutants from the water.8 The groundnut shells 
was pyrolysed at 500°C temperature, 10 mL/min gas 
flow rate with a  ten °C/min rate of heating by using 
a modified fluidized bed pyrolytic-reactor. It was 
found that under efficient operating conditions yield 
of biochar (19.5 wt.%), yield of pyro gas (17.7 wt.%) 
and yield of pyrolytic-oil (62.8 wt.%).6

The goal of this study is to valorization of castor and 
cotton biomass as feed stalks via pyrolysis process, 
because it is more reliable techniques to utilize 
surplus biomass. Selected biomass is available 
plenty in saurastra region of gujarat.

Experimental Details
Materials Preparation
Whole castor and cotton stalk was collected from the 
Oil seed research station, JAU, Junagadh. These 
raw materials were allowed to air dry before being 
processed into chopped stalks using a shredder 
machine powered by a 10 hp, 3 phase, and 1450 
rpm electric motor.

Pyrolyser Setup 
To make biochar from the chopped cotton and castor 
stalk, slow type small capacity biomass pyrolyser 
system with a capacity of 5 kg was used. A reactor, 
hand operated strirrer, electrical coil and glass wool 
as an insulation, temperature control unit, hopper, 
chiller, water pump, stand, and other components 
make up the pyrolyser system.

The biomass pyrolyser chamber is an airtight 
annular container, where biomass is pyrolyzed 
without the presence of oxygen. For agricultural 
residue, developed a batch type biomass pyrolyser 
as shown in fig.1.17 The cylindrical reactor's diameter 
and height were 0.28 m and 0.86 m respectively.  
The hand operated stirring mechanism was furnished 
in the reactor to give 1-3 rotation at half an hour to the 
chopped biomass for uniform heating. The stirrerring 
system was fitted in to the reactor in such a manner 
that whole material may under goes the mild rotation. 
Electrical heaters were mounted on the reactor 
chamber's exterior surface wall to provide thermal 
energy to the biomass. Furthermore, for reducing 
heat loss to the environment, these electrical coils 
were insulated with 50 mm glass wool. The insulation 
material was covered with one-millimeter-thick 
aluminum sheet. For monitoring the temperature 
of the pyrolyser at the experimental temperature 
range, a PID unit (UTC 221p, Multisplan, India) was 
used to control rate of heating along with sensing 
the temperature. The electrical heaters provided in 
the reactor were connected to the controller and 
then electrical mains via MCB. The experimental 
temperature level of the reactor was set by setting 
the up-down switches provided on the controller.  
The temperature was read by thermos couple having 
measuring range from 0 – 1200 °C. One sensor 
was fitted at top of the chamber to measured the 
heat and it is joined with controller unit to display 
temperature. The chiller is placed in the set-up to 
condense the volatiles material to convert it into 
biooil. The volatiles were cooled by circulating the 
water from the annular space of the chiller with the 
help of electrical water pump.
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Characterization of Raw Biomass and its 
Biochars
The characterization of raw biomass and its biochar 
were carried out in terms of proximate anylysis, 
thermal properties and chemical properties.  
The ASTM E870-822 which was used for proximate 
analysis of biomass. For that, we determined the 
mc%, ac%, vm%, and fc% of raw biomass and its 
biochar.

Chemical properties of biomass and its biochar 
were determined as for pH, electrical conductivity 
(EC) and CEC by using Conductivity/pH measuring 
device (Cole-Parmer, Mumbai, Model, Oakton PC 
2700) and summation method form by Cal Poly's 
laboratory of soil science was used to obtain the 
CEC of raw biomass and its biochar.7,16,18

 
CECsum = Ca +Mg + K +Na

Where,

Ca EXT. Ca in mmolc/ kg
Mg EXT. Mg in mmolc/kg
K EXT.  K in mmolc/kg
Na EXT.  Na in mmolc/kg

Biochar Production from Chopped Castor and 
Cotton Stalk
The most common pyrolysis product is biochar.  
The biochar mainly contains carbon, inorganic 

elements and mineral i.e ash, which varies 
depending on temperature and residence time. 
Because of its higher calorific value, biochar can 
be utilised as solid fuel. Recently it is also used as 
adsorbent. Beside biochar, other products include 
bio oil and pyrogas are byproduct of pyrolysis 
process. Carbon molecules and water constitute 
bio oil. Bio oil seems like dark brown liquid that 
is extremely sticky, dense, and made up of 
highly oxygenated molecules. The gas composed  
of non-condens gases like carbon monoxide, carbon 
dioxide, methane, and other trace elements.

The biochar production decreased with increase in 
temperature during thermal degradation, resulting 
in gradual increases productions of bio oil and gas 
yields for pyrolysis temperatures of 300–700 0C.25 
High quality charcoal was produced at a temperature 
of 400 °C from rice husk.14

Experimental Design
Using a batch type pyrolyser with a 5kg capacity, 
chopped castor and cotton stalk were pyrolyzed. 
The study parametrs and their levels examined 
are shown in Table 1. Twenty trials were excuted 
on the pyrolysis of chopped biomass and biochar, 
bio oil and pyro gas production were determined. 
The biochar obtained at 200°C can be considered 
as torrified biomass, so that in this study biochar 
production was evaluated at only 250°C temperature 
and 120 min residence time as torrified biomass.17,18

Fig.1: Pyrolyser setup17
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Procedure of Experiment
The weighing of biomass was carried out before fed 
into the reactor chamber through the hopper. Inlet 
valve was opened then closed for making airtight 
condition inside the reactor. After the experiment, the 
pyrolyser was allowed to cool for room temperature 
for collecting the biochar and biooil. The biochar 
and biooil were collected from the outlet, which 
was fitted to bottom of the Pyrolyser and condenser 
respectively. The amount of biochar and bio oil by 
using cotton and castor stalk were measured as per 
method descried.18,17 and19

Biochar Production
Biochar production is the quantity of biochar 
composed at the end of each pyrolysis experiment. 
It was calculated by using below equation.

Biochar production (%) = (weight of charcaol)/(Initial 
weight of biomass)  x 100

Bio Oil Production
Biooil production is the quantity of bio oil composed 
at the end of the experiment. It is calculated by using 
below equation.

Bio oil production (%) = (weight of bio oil)/(Initial 
weight of biomass)  x 100

Pyrogas Production
By deducting the output of biochar and biooil from 
100, the production of pyrogas is estimated.

Pyrogas production (%) = 100 − (Biochar production 
+ Bio- oil production)

Results and Discussion 
The results of the proximate analysis measured (%, 
d.b.) in terms of AC, VM , and FC, of raw biomass 
and its biochar obtained at different experimental 
levels  in Table 2. The FC, VM and AC were found as 
16.80; 16.58, 75.06; 76.62, and 6.60; 6.80 (%, d.b) 

respectively for cotton and castor stalk as presented 
in Tab. 2. Similar outcome detrmined in terms  
of FC, VM and AC % of 18.00, 77.04 and 4.96  
(% d.b) respectively for chaffed cotton.23

The ash content of biochar was found in range from 
6.85 to 15.95 and 6.93 to 16.76 at (250 0c, 120 min 
; 5000c, 180 min) temperature and residence time 
by using cotton and castor stalks respectively as 
shown in Table 2. Ash content of biochar increased 
with increased in temperature,26 The similar 
trends was found as for different biomass material 
biochar ash content was increased with increased  
in temperature.26 Perhaps cause of this phenomena 
as the rise in heat, volatile compounds eliminated, 
reducing weight of biomass, but inorganic portion 
are preserved in form of solid, thereby increasing 
the amount of ash.

The value of VM of biochar were ranged from 50.48 
% to 75.80 % (d.b) and 51.85 % to 76.66 % (d.b) 
at (500 °C, 180 min, 250 °C, 120 min) temperature 
and residence time for cotton and castor stalk 
respectively as shown in Table 2. The similar trend 
was found as rise in temperature from 300 to 
600°C for various biomass, the VM of their biochar 
decreased.31 Pyrolysis tests on normal biomass were 
carried out in a fixed bed reactor at temperatures 
ranging from 300 to 350, 400, and 450°C.3 This 
might be because the devolatilization reaction takes 
place when the pyrolysis temperature increases. 
Due to this, volatile organic molecules were lost,  
which reduced the amount of volatile matter.

The value of FC of biochar were ranged from 
17.35% (d.b) to 33.57 % (d.b) and 16.41% (d.b)  
to 31.39 % (d.b) at (250°C, 120 min; 500 °C, 180min) 
temperature and residence time for cotton and 
castor stalk respectively as shown in table 2.  Similar 
trends found in a study in which FC of different 
biomass increased as raise in temperature from 300  
to 600°C.31

  

Table: 1 Experimental parameters of the study

Sr.No. Parameters No.oflevels Value(s)

1 Biomass material Two Choppedcotton& castor biomass
2 Temperature,°C Four 250, 300, 400, 500
3 Retention period,min Three 60, 120, 180
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VM, FC and AC % for rice husk, rice straw, 
sugarcane bagasse and cotton stalk were reported 
as (70.70, 10.7, 18.60), (64.43, 20.37, 15.20), 
(86.15, 10.62, 3.28) and (96.07, 10.7, 6.93) % d.b. 
respectively.15,16 Proximate parameters of different 
briquettes in terms of calorific value, AC, VM, 
moisture content and FC differ from 146-200KCal/g, 

30.3-40.0%, 15.5-38.5%, 10.5-13.3% and 31.2-
50.6% respectively,418 Similarly, characteristics of 
raw chopped cotton determined in terms of density 
(34.92 kg/m3 ), moisture (13.63%), VM (74.52%), 
AC (4.95%), FC (20.53%) and heating value (3827 
cal/g) respectively.28,18

Table: 2 Proximate analysis raw biomass and it’sbiochar obtained at various 
temperature and retention time

Temp.(°C)  Retention       AC(%,d.b)      VM(%,d.b)      FC (%,d.b)
 time(min)
  Cotton Castor Cotton Castor Cotton Castor

Biomass - 6.60 6.80 75.06 76.62 16.80 16.58
250* 120 6.85 6.93 75.80 76.66 17.35 16.41
300 60 7.25 7.03 73.87 75.88 18.88 17.09
 120 8.36 9.45 71.54 72.33 23.1 18.22
 180 9.05 9.89 69.98 69.98 20.97 20.13
400 60 10.23 10.92 65.55 67.55 24.22 21.53
 120 11.45 12.90 63.43 65.43 25.12 21.67
 180 12.10 13.78 60.12 62.12 27.78 24.10
500 60 13.35 14.88 56.78 58.78 29.87 26.34
 120 14.96 15.96 53.27 55.27 31.77 28.77
 180 15.95 16.76 50.48 51.85 33.57 31.39

*AC-Ash content, VM- Volatile matter, FC- Fixed carbon

Table: 3 pH, EC and CEC values at various temperature and retention period for 
chopped cotton stalk and its biochar

Temp.(°C)  Retention               PH                               EC dS/m   CEC (cmol/ kg)
 period (min)
  Cotton Castor Cotton Castor Cotton Castor

Biomass - 6.36 5.90 0.03 0.03 39.84 39.31
250 120 6.47 6.28 0.03 0.03 36.42 34.66
300 60 8.85 8.77 0.04 0.04 35.79 32.19
 120 8.38 8.32 0.05 0.05 34.33 30.99
 180 8.45 8.45 0.05 0.05 35.70 30.46
400 60 9.27 9.18 0.08 0.07 34.23 29.86
 120 9.56 9.47 0.09 0.09 33.10 29.03
 180 8.38 8.29 0.07 0.07 29.38 28.19
500 60 9.63 9.43 0.09 0.09 27.77 27.60
 120 9.82 9.78 0.08 0.08 26.23 26.09
 180 9.58 9.52 0.10 0.10 25.03 25.11
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In Tab. 3, it is shown how the pH, EC, and CEC 
values of cotton and castor biomass and its 
biochar changed with respect to temperature and 
residence time. However, no major change or 
behaviour patterns was noted as residence time 
increased. Rising temperatures during the pyrolysis 
process had the major effect on biochar pH, 
shows that rising temperatures might be induced 
more volatilization, break down of surface oxygen 
groups, and dehydroxylation.16,17 similar result of pH 
value of biochar varies from of 5.88 at 200°C with  
a 60-minute retention time to a 9.86 at 500°C with 
a 240-minute residence time.18 The accumulation 
of non-pyrolyzed inorganic elements in biochar 
may be the cause of dramatic pH increases at high 
temperatures.17,18

EC and CEC value of the chopped cotton and castor 
biomass were determined as (0.03, 0.03) dS/m and  
(39.84,39.31) cmol/kg respectively. The EC and CEC 
value of biochar obtained from pyrolysis of selected 
biomass was increased in the range of (0.03-0.10) 
dS/m and decreased in the range (39.84-25.03, 
39.31-25.11) cmol/kg with increased in temperature 
respectively. The EC and CEC value of biochar 
increased and decresed respectively with increase 
in temperature.16,18,19 and 29

The biochar production were ranged from a minimum 
of 30.25 % to 51.04 % and 30.21 % to 50.56 %  
at (500 °C, 180 min, 250 °C, 120 min) temperature 
and residence time for cotton and castor stalk 
respectively as shown in Table 4. 

Table: 4 Percentage of biochar andbio oil production at various temperature and retention period

Temp.(˚C) Retention         Biochar        Bio oil       pyro-gas 
 period(min)      production(%)   production(%)  production(%)

  Cotton Castor Cotton Castor Cotton Castor

250* 120 51.04 50.56 12.2 12.0 36.8 37.4
300 60 36.36 41.20 12.4 12.5 51.2 46.3
 120 43.63 42.00 13.3 13.3 43.0 44.7
 180 45.45 42.40 13.7 13.7 59.2 43.9
400 60 36.40 39.25 14.7 14.5 45.8 46.3
 120 39.5 36.20 15.3 15.1 48.3 48.7
 180 35.75 35.75 15.8 15.6 48.4 48.6
500 60 35.5 34.34 17.2 17.0 47.3 48.6
 120 34.0 33.23 17.5 17.3 48.5 49.5
 180 30.25 30.21 18.0 17.8 51.7 51.9

*Biocharproductionis considered as torriefied biomass

Biochar production decreased with increase in 
heating rate. The experimental data consistence 
with data observed.17,18 They observed that as the 
pyrolysis temperature and residence time elevated 
from 200°C to 500°C and 60 min to 240 min biochar 
production was decline from 70.2% to 34.0%  
for cotton biomass. The biochar production of cotton 
and castor residue decline from 23.5 to 16.7 % and 
24.4 to 17.1 %, respectively as the temp. elevated 
from 350 to 500°C.29,30 The biochar production 
of bagasse decreased from 61.75 to 22.19%  
as the temperature elevated from 400 to 600°C.11 

According to  as the temperature elevated in range 
from 400 to 650°C, The biochar production from 
rice husk decreased from 68.36 to 13.45 %.9 As 
a result of the loss of volatile organic compounds, 
biochar production decreased. However, based on 
visual observation, the biochar production obtained  
at 25°C may be considered torrefied biomass rather 
than biochar.

The production of bio oil was ranged from 12.2 % 
to 18.00 % and 12% to 17.8% at (250 °C, 120 min, 
500°C, 180 min) temperature and residence time 
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for cotton and castor stalk respectively as shown in 
table 4. The production of bio oil was increased from 
10.2 % to 19.0% from cotton stalk as the pyrolysis 
temperature and residence time elevated from 
200°C to 500°C and 60 min to 240 min.16,17 It was 
discovered that the production of bio oil increases as 
the temperature rises, and that residence time has 
less of an impact on the production of bio oil than 
does the temperature.

The production of pyro gas was ranged from a 36.8 
% to 51.7 % and 37.4 % to 51.9 % at (250 °C, 120 
min, 500°C, 180 min) temperature and residence 
time for cotton and castor stalk respectively as 
shown in table 4. The production of pyro gas was 
increased from 19.6 % to 47.8% for cotton stalk 
as the pyrolysis temperature and residence time 
increased from 200°C to 500°C and 60 min to 240 
min.16,17,18 It was discovered that an increase in 
temperature and residence time led to an increase 
in pyro gas output. However, compared to residency 
duration, the impact of temperature was stronger.

Conclusions
• Proximate parameters for cotton and castor 

raw biomass in terms percentage of AC, VM, 
and FC were obtained as, 6.60, 75.06, 16.80 
and 6.80, 76.62, 16.58 (%, d.b) respectively. 
The min. and max. value of biochar obtained at 
different experimental run were discovered as 
6.85 to 15.95 and 6.93 to 16.76, 50.48 to 75.80 

and 51.85 to 76.66; 17.35 to 33.57 and 16.41 
to 31.39 respectively.

• The chemical properties of cotton and castor 
raw biomass in terms of pH and EC were 
discovered as 6.36 and 0.03 dS/m, 5.90 and 
0.03 dS/m respectively. The min and max value 
of chemical properties of biochar obtained at 
different experiment run were found as 6.47 to 
9.58 and 0.03 to 0.10 dS/m, 6.28 to 9.52 and 
0.03 to 0.10 dS/m respectively.

• The min. and max. value of biochar production 
at different experiment run were discovered as 
30.25 % and 51.04 %; 30.25 % and 50.56 %  
for cotton and castor biomass respectively.

• The mini. and maxi. percentages of bio oil 
production were discovered to be 12.2% and 
18.0% for cotton biomass and 12.0% and 17.8% 
for castor biomass, respectively.
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