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This study aims to compare cotton stalk based biochar obtained using
hydrothermal carbonization and torrefaction. Experiments of hydrothermal

carbonization (HTC) were carried out by varying temperature (170, 210 and
250 °C), reaction time (30, 45 and 60 min) and particle size (1, 2 and 3 mm).
In the experiments of HTC of cotton stalk; temperature, reaction time and
particle size effects were optimized via response surface estimation (RSM)
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with Box-Benhken. Optimum condition was determined 210 °C, 60 min and
2mm. Then torrefaction was conducted at the optimum condition. The
results of hydrothermal carbonization and torrefaction were compared with
considering high calorific value, energy yield, high mass yield, ash vyield,
carbon yield and energy consumption at the optimum condition.

1. INTRODUCTION

Owing to the increased world population, the
rising energy demand become an important
social issue. The consumption of energy
resources is the main cause of the depletion in
availability of fossil fuels, and deterioration of
environmental health and ecological balance.
Fossil fuels as non-renewable energy sources
have a serious negative effect both
environment and alives. For instance, one of
the major source of energy production is coal.
However, burning of coal has several
undesirable results such as smog, soot, acid
rain, global warming, and toxic air emissions,
which includes the release of heavy metals,
such as mercury and arsenic, that are present
as trace elements in coal [1]. Searching of
alternative  energy source is  gaining
importance when all these negative states are
considered. Among all the renewable energy
options, biomass which is one of the
important being a renewable and sustainable
energy feedstock, if properly managed, offers
several advantages. In addition, biomass usage
can significantly mitigate net carbon
emissions when compared to fossil fuels
because the carbon dioxide released into
atmosphere by using biomass is recovered
again by growth of new biomass [2].

In the recent years, the production of biochar
from biomass wastes has been of great interest
for economic as well as environmental
reasons. These wastes constitute an attractive
and renewable raw material for biochar
production due to their abundances,
availability and low cost. Cotton (algodonero
Americano), is one of the most abundant
lignocellulose-rich agricultural crops. Current
estimates for world cotton production are
about 25 million tonnes and accounting for 50
million tons of biomass waste [3]. Cotton with
approximately an annual production of 2.1
million tons (5.1 tons per hectare) is an
important biomass source in Turkey [4].
According to the average of the last 5
production seasons, cotton production in the
country accounts for 60% of consumption [5].
Especially cotton wastes exports have 49,8 M
in trade volume [6]. Cotton post-harvest
residue/cotton stalk is a major agro-residue in
Turkey. Annually, the amount of post-harvest
residue/cotton stalk is 2,253 MT [7].
Traditionally, cotton is being cultivated for its
lint which is used as a textile raw material.
However, several studies have examined the
use of various cotton-based materials for the
production of value-added products such as
biochar production. Biochar, the solid material
formed during the thermochemical



decomposition of biomass, is defined as a
solid material obtained from the carbonization
of biomass. As biochar is inexpensive,
environment-friendly, and can be used for a
variety of purposes, such as soil remediation,
waste management, greenhouse gas reduction,
and energy production, several studies have
been conducted to develop new applications
of biomass [Lenmann et al, 2009]

There are several thermochemical techniques
to convert biomass to bioenergy [Placido et al,
2013]. Among them is that hydrothermal
carbonization (HTC) process which is an
environment friendly technology. It thermally
converts a variety of biomass feedstocks into
high carbon content containing, smokeless
solid fuels. HTC of biomass is studied along
with water by application of higher
temperatures (180-250 °C) at elevated
pressure (2-10MPa) for several hours [7].
Torrefaction is a promising pretreatment for
biomass upgrading [1]. It is a thermal
treatment with a reaction temperature between
200 and 300 °C at atmospheric pressure in the
absence of oxygen. This moderate thermal
process breaks down the fiber structure of the
biomass so that the biomass becomes easier to
grind. It can effectively increase biomass
energy  density. In addition, the
hydrophobicity of biomass can be enhanced,
which further improves the storage stability
[8].

The aim of this study is that to convert cotton
stalk to biochar with applying HTC and
torrefaction technology. HTC experiments
were carried out by using Design Expert
software (version 7.0) program with selecting
independent factor different temperature,
detention time and particle size. According to
optimum conditions which are obtained from
HTC experiment results, torrefaction process
was applied. Biochar obtained by applying
HTC and torrefaction technologies at the same
conditions were compared with as their high
heating value, energy consumption, carbon
content %, ash content %, yield of energy %.

2. MATERIALS AND METHODS

2.1. Materials

Cotton stalk was obtained from a field in
Izmir which is in the west of Turkey. The
volume of cotton stalk was minimized to store
biomass under dry and room temperature
using a cutting mill. Cotton stalks were
separated in 1-2, 2-3.35, and 3.35-5 mm
particle size by sieve. Sieved samples were
used for the HTC and torrefaction processes.

2.2. Methods

2.2.1 Hydrothermal carbonization (HTC)
HTC of cotton stalk was carried out using 100
ml cylindrical stainless-steel reactor. Effecting
factors of experiments are determined based
on researched studies (Kambo H. and Dutta
A., 2015). The experiments were performed at
170 °C, 210 °C, and 250 °C, with the
residence time of 30, 45 and 60 minutes and
fixed solid load 7.5:1 (75 gr water, 10 gr
cotton stalk). Pressure which into reactor
ranged from 1-30 MPa. The experiment set
which is including 15 experiments was
arranged by using Design Expert software
program. All conditions were obtained from
result of experiment set which was randomly
arranged.

The weight of 10 gr cotton stalk is imbedded
in reactor with 75 ml deionized water. The
reactor was then sealed and heated desired
temperature with an PLC electric furnace.
When this temperature was achieved, the
reaction was maintained for 30, 45 and 60
minutes. After experiment done, the heater
was closed down and the reactor was kept into
the water sink at the room temperature for 10
minutes to be cool down. The product of
reaction was taken from reactor then, the
product was put on filter paper and washed
with deionized water 3 times. It was separated
to as char and liquid phase. The char was kept
24 hours into drying-oven for drying. The
liquid phase and chars were weighed and
stored in plastic containers until analysis.

2.2.2 Torrefaction

Torrefaction experiments of cotton stalk were
carried out in a stainless steel tube reactor
with



a diameter of 50,8 mm and a height of 800
mm heated by electric heaters of 2.5 KW
externally. For each experiment, 160 g of
cotton stalk was placed inside the reactor. The
reactor was heated to 210 °C and 250 °C with
the heating rate of 5 °C /min. After reach
desired temperature it was held for 1h. At the
end of the residence time, the reactor was
cooled down to room temperature. The reactor
was opened to collect and the torrified cotton
stalk was held inside plastic bag until analysis.

2.2.3. Product characterization

2.2.3.1. HPLC analysis of liquid phase

The liquid phases of HTC were kept in Falcon
tubes in refrigerator at 4 °C. The liquids
phases were transferred to Eppendorf tubes.
The samples had been centrifuged with
Hettich ZENTRIFUGEN MIKRO 22 at 1500
rpm for 15 minutes. The centrifuged samples
were filtered by 0,25 um filter to Eppendorf
tubes. Sugar concentrations which are glucose
and xylose, ethanol, and other fermentation
inhibitors ~ which ~ are  furfural, 5-
hydroxymethylfurfural (5- HMF), levulinic
acid, formic acid, and acetic acid in the liquid
hydrolysates were determined using an
Agilent 1260 Infinity high performance liquid
chromatograph (HPLC) with an Aminex
Biorad HPX-87H column based on NREL
standard [11].

2.2.3.2. Determination of the moisture content
About 1 g of dried char was weighted out for
moisture content by XM 60 Precisa with two
replicates. The moisture content
determinations were obtained for all dried
chars. On the other hand, raw material was
weighted about 1 gr and moisture content was
determined with the same method.

2.2.3.3. Determination of the ash content

To determine the ash content for each samples
approximately 1 g of cotton stalk dry samples,
from both, treated and untreated, was burned
in a muffle furnace set at 250 °C for 1 h then,
at 550 °C for 2 h with three replications
according to EN 15403:2011 European
Standard. The ashes were then cooled in a

desiccator for 15 min and reweighed. The
relative ash content (%) was calculated for
untreated and treated cotton stalk as
following: one based on original untreated
cotton stalk and one based on after the weight
loss due to heating (treated cotton stalk). The
relative ash content value was calculated

according to equation 1.
% Relative ash content= [(M1-M2)/ m] * 100 (€3]

M1: Mass of untreated cotton stalk
M2: Mass of treated cotton stalk
m: Mass of raw material

2.2.3.4. Determination of the high heating
value (HHV)

The higher heating values of raw and solid
samples from HTC and torrefaction were
determined using a Parr 6300 calorimeter.
Obtained char was made pellet for all run with
two replicates.

2.2.3.5. Instrumental characterization

The carbon, hydrogen and nitrogen content of
samples were measured by Elemental
Analyzer Leco TruSpec CHN. Complete
combustion and superior recovery of the
elements of interest were conducted under
pure oxygen in a furnace to determine of
elemental C, H, and N instrument by Leco
TruSpec CHN. To determine sulphur content
by using analyzer Leco TruSpec CHN. In
order to determine the carbon and sulphur
content in a wide variety of organic materials
as well as some inorganic materials by
combustion with  nondispersive infrared
detection via the analyzer.

2.2.3.6. Design of Experiment

Design Expert software (version 7.0) was used
in this study to design the experiment and
optimize the reaction conditions. The
experimental design employed in this work
via response surface estimation (RSM) with
Box-Benhken including 15 experiments.
Temperature, A, detention time, B, particle
size, C were selected as independent factors
for the optimization study. The responses
chosen were the HHV, carbon %, ash content
%, mass %, energy yield %.



2.2.3.7. Mass and Energy Yield
The mass yield (MY) and energy yield (EY)
of

solid products were calculated as follows:
My (%): msp/ Mgrw X100

)
Ey (%)= My X HHVSP/ HHVRW

Where msp and HHV sp are the mass and
high heating value of solid products, mgyw and
HHVRrw are the mass and calorific value of
cotton stalk samples, and HHVsp / HHV Ry IS
energy density of the solid products.

3. RESULTS AND DISCUSSIONS

3.1. Characterization of HPLC

The optimum condition of HTC process was
determined Dby Design Expert Software
program which was explained on related
section. Four experiments were carried out at
optimum condition; 210 °C, 2 mm and 1,2,3,4
h. The samples of liquid phase of experiment
were analyzed by using HPLC. The content of
liquid phase was represented on Table 1.

Table 1. The content of liquid phase

Sampl | Cellob | Gluko | Xylose | Glyser | Acetic
e iose se (mg/m | ol Acid
(mg/m | (mg/m | 1) (mg/m | (mg/m
) ) ) )

HTC_ | 112 |1.05 |1.06 |004 |052
210 1

HTC_ |1.12 |095 |1.04 |005 |0.57
210 2

HTC_ |1.12 |097 |1.08 |007 |0.63
210 3

HTC_ | 111 | 095 |1.05 |005 |0.55
210 4

3.2. Characterization of the moisture
content

At the beginning of experiments, the moisture
content of raw material was found as 8.03 %.
The results of moisture content were carried
out all of dried chars. The results are
suggested that the moisture content is
decreased by drying.

3.3. Characterization of energy
consumption on HTC

HTC was carried out based on reaction
parameters and energy consumptions of each

experiment was noticed. The energy
consumptions are shown below in Table 2.
According to Table 2 the minimum energy
consumption is that 0,16 kWh at 170 °C and
60 min.

Table 2. Energy consumption on HTC

Std | Run | Temp | Detenti | Partic | Energy
eratu | on le Consu
re time size mption
(°C) (min) (mm) | (kWh)

14 |1 210 45 2 0.33

4 2 250 60 2 0.75

2 3 250 30 2 0.56

11 |4 210 30 3 0.21

3 5 170 60 2 0.16

13 |6 210 45 2 0.27

7 7 170 45 3 0.15

1 8 170 30 2 0.16

15 |9 210 45 2 0.30

8 10 250 45 3 0.75

6 11 250 45 1 0.60

5 12 170 45 1 0.18

9 13 210 30 1 0.25

12 14 210 60 3 0.33

10 |15 210 60 1 0.29

However, the maximum energy consumption
is observed that 0,754 kWh at 250 °C and 45
min. As results are compared with each other,
it is easily to see that the energy consumption
is related with temperature of process. Also,
the energy consumption is related with reactor
usage frequency. Evaluation of effects on
energy consumption is figured out that
detention time has less impact on energy
consumption. When the energy consumption
of run 13 and run 15 compare each other, it is
clearly to see that the values are very close.

3.4. Characterization of the ash content



The ANOVA results showed that the
quadratic model is suitable to analysis the
experimental data. The model in terms of the
coded values of the process parameters is
given by:
Ash content = +2.54 + 0.35* A+ 048 *B +
0.34* C+0.62 * A*B-0.10* A*C-020*B
* C+0.040 * AN2+0.18 * B"2+0.40 * C/2
®)

According to analysis, although effect of
reaction time on ash content is the most
effective factor, temperature was effected
slightly than other factors. The interaction of
factors on ash content is shown in Figure 1.

ash content

4800 _—"20m

B: detention time e — w000

— A temperature
3000 170.00

Figure 1. The interaction of factors on ash content

3.5. Mass yield

The maximum weight loss between the
observed cotton stalk is due to degradation of
its basic organic components such as
hemicellulose, cellulose, and lignin. Mass loss
occurs due to a release of CO2, CH4 and
H20, and the gases formed during the
decomposition of hemicellulose (190-320
°C), cellulose (280-400 °C) and lignin (320-
450 °C) [8]. The result of analysis of variance
is given in Table 3. The ANOVA results
showed that the quadratic model is suitable to
analysis the experimental data. The model in
terms of the coded values of the process
parameters is given by:

mass yield = 73.19 -9.09*A-2.52 *B +2.13*C
(4)

The Model F-value of 42.92 implies the
model is significant. There is only a 0.01%
chance that a "Model F-Value" this large
could occur due to noise. The analysis shows
that effect of temperature on mass yield is
most effective factor while the detention time
has less effect.

Based on results, the minimum mass loss
is occurred at 170 °C, 45 min and 3 mm
particle size with 83.17 %. The maximum
mass loss is occurred at 250 °C, 30 min and 2
mm with 61.68 %. The interaction of factors
on mass Yyield is shown in Figure 2.

mass yield

B: detention time A temperature

Figure 2. The interaction of factors on mass yield

3.6. Characterization of the high heating
value (HHV)

The ANOVA results showed that the
quadratic model is suitable to analysis the
experimental data. The model in terms of the
coded values of the process parameters is
given by:

HHV= +4581.68 + 189.98 * A + 48.67 * B -
1895*C+ 1026 *A*B-16.09*A*C +
495* B *C +49.48 * A"2 + 49.56 * B2 -
96.66 * C° )
The Model F-value of 21.97 implies the
model is significant. There is only a 0.17%
chance that a "Model F-Value" this large
could occur due to noise. Values of "Prob >
F" less than 0.0500 indicate model terms are
significant.  In this case A, B, C? are
significant model terms. The interaction of
factors on HHV is shown in Figure 3.

HHY

5280 73000

4500 71000

B: detention time L - A temperature

3000717000

Figure 3. The interaction of factors on mass yield

The result of analyses show that the minimum
HHV is that 4348,15 cal/g at 170 °C, 45 min



and 1 mm. The maximum HHV is that
4922,81 cal/g at 250 °C, 60 min and 2 mm.

3.7. Atomic H/C and O/C ratios

The calorific value of materials is strictly
related to the atomic H/C and O/C ratios [12].
The weight percentages of C, H, O, and N in
the hydrothermal carbonization materials are
given Table 6. The decarbonization,
dehydration and deoxygenation mechanism
occur while the thermal degradation of
biomass proceeds. The dehydration and
deoxygenation reactions are more important
compared to the decarbonization reaction, so,
the HTC temperature or duration is raised
when both the atomic H/C and O/C ratios
decrease. Within the investigated ranges of
HTC temperature, duration, and particle size,
the atomic H/C and O/C ratios are in the
ranges of 0.12-0.15 and 0.86-1.15,
respectively.

Table 3. Elemental analysis of hydrothermal
carbonized cotton stalk at selected operating conditions
of HTC

170 45 3 43162 | 496 | 09
9 9 |2
210 30 3 438 | 6.2 | 488 | 1.0
2 6 |3 9
210 45 2 447 | 6.3 | 480 | 0.9
3 3 |3 1
210 45 2 443 |62 | 484 | 0.9
4 5 |7 4
210 45 2 448 |62 | 479 | 0.9
6 7 |4 3
250 30 2 474 |62 | 452 | 11
1 4 |4 1
210 30 1 443 | 6.3 | 485 | 0.8
5 3 |1 1
210 60 2 445 | 62 | 481 | 1.0
3 4 |9 4
210 120 2 498 | 6.0 | 430 | 1.1
4 |2 4
210 180 2 49.7 | 6.0 | 432 | 1.0

Tempe | Reacti | Partic | C H 0% | N

210 240 2 50.1 | 58 |428 | 1.0

ra on le size | % % %
time (mm)

ture

. min

C) (min)

250 45 3 472 | 6.0 | 455 |11
7 6 7

210 60 1 46.2 | 6.0 | 46.6 | 1.0
8 6 6

170 30 3 441 | 6.2 | 486 | 0.8
7 6 8 9

210 60 3 457 | 6.2 | 47.0 | 0.9
5 6 9

250 60 2 489 |59 | 439 |11
9 9 2

170 60 2 451 | 6.3 | 47.7 | 0.8

5 5
170 45 1 444 | 6.3 | 488 | 0.8

250 45 1 478 | 6.1 | 434 |25

Based on the optimum condition of
torrefaction, its C%, H%, O% and N% values
are 48.92, 5.84, 44.08, and 1.16, respectively.
Within the investigated condition of 210 °C,
60 min, and 2 mm-particle size, the atomic
H/C and O/C ratios are 0.12 and 0.91,
respectively.

Elemental analysis shows that while detention
time were increasing, carbon content is
increased at optimum condition (210 °C,
2mm-particle size). On the other hand,
torrified cotton stalk has higher carbon
content than hydrochar at optimum condition.

3.7. Experiments of optimum condition

To determine optimum condition; response
surface estimation (RSM) is used. Optimum
condition was given 210°C, 60 min and 2 mm
particle size from selected range by ANOVA.
When graph columns were investigated
reaction time is more important effect than
others. In this sense, it was decided to do new
experiments for HTC on optimum conditions




which the same temperature and particle size
with different reaction times. The experiments
were carried out for 1, 2, 3, and 4 hours on
optimum condition. For torrefaction method,
optimum condition experiment carried out for
1 hour.

Comparing both of two experiments of
method based on 1-hour results, higher
heating values of two method at optimum
condition which are 4920.4 cal/g and 4858.8
cal/g respectively. It shows that the result of
torrefaction is nearly close to result of HTC.
For this reason, the experiment of torrefaction
was carried out only for 1 hour.

Accordingly seeking an compatible HTC
operation for producting biochar fuel
temperature (190, 225 and 260°C), reaction
time (5, 15 and 30 min) and feedstock to
water ratio (1:6 and 1:12) are three most
common and important parameters were
examined (Kambo and Dutta, 2015). The
results of experiments suggested that
increasing reaction time enhances higher
heating values.

Another recent study was performed for
optimizing torrefaction method for producting
biochar fuel. The study suggested that
increasing higher heating values of torrified
biomass could be achieved at a higher
temperature along with longer duration (Chen
at all, 2017).

3.8. SWOT analyses of HTC and
torrefaction

In this study, optimum condition was
determined by using via response surface
estimation with Box-Benhken. Then HTC and
torrefaction experiments were carried out at
optimum  condition. The results of
experiments were very closed each other. In
this point, qualifications of two methods were
determined with using SWOT analysis. The
analysis which has strengths, weaknesses,
opportunities and threats is shown below.
3.8.1. Strengths

3.8.1.1HTC

-Simple and low technology system
-Low construction costs

-Easy and safe operation

-Low energy requirements [14].

-Considerable reduction in the ash content
-Eliminates the risk of fouling, scaling,
slagging and corrosion during combustion
[16].

3.8.1.2. Torrefaction

-Increasing calorific power

-The possibility of use without being packed
-Less biodegradable

-Better efficiency of combustion

-Low moisture content [15].

-Converts biomass into an upgraded solid
[16].

3.8.2. Weaknesses

3.8.2.1. HTC

-Rigorous design and construction
requirements

-Requires the use of water if feedstock not
sufficiently wet[14].

3.8.2.1. Torrefaction

-An additional operation is required new costs
-Mass losses

-Non-suitable grind to fine sized particle[15].

3.8.3. Opportunities

3.8.3.1.HTC

-Substitute firewood in developing countries
-Reduces GHG emission

-Reduction of waste burden

-Improvement of health and environmental
situation[14].

3.8.3.1. Torrefaction

-Promising give a solution for climate crisis
-Water uptake is minimized

-Upgrading the fuel quality

-not require post-drying of product [15].

3.8.4. Threats

3.8.4.1. HTC

-Post-treatment of process-water

-Building a HTC reactor might not be
available

-Requirements in terms of energy supply [14].



3.8.4.1. Torrefaction

-The mass yield during torrefaction decreased
rapidly

-The volatiles produced in the torrefaction
step

-Process condition requires higher cost [15].

4. FUTURE PERSPECTIVES OF
BIOCHAR

Biochar  produced both  hydrothermal
carbonization and torrefaction have surface
area and porosity with aromatic surfaces and
oxygen functional groups. Depending upon
the field of application biochars can be
activated to increase their surface area and
porosity in order to improve their adsorption
capacity. By applying activated process, they
are referred to as ‘activated carbon’ materials.
Biochars/activated carbon have the potential
to adsorb a variety of organic pollutants and
heavy metals from water due to their its high
surface-to-volume ratio and strong affinity to
nonpolar substances [12].

Supercapacitor are energy storage devices
which has long cycle life, fast charge, and
high power density [17]. Improving of the
high surface area and porosity during biochar
process, increasing the conductivity which
gives an opportunity to be electrodes for
energy storage devices. High conductivity
level content gives a chance biochar based
active carbon to using in supercapacitor.

Clean energy has become most important
topic nowadays. Changing old fashion
technologies and materials with clean ones, it
is a new approach which is necessary for
environment. Quantum Dot (QD) has distinct
size-dependent optoelectronic characteristics.
Due to its properties, it is a good candidate for
solar energy conversion area. Quantum dot
sensitized solar cell (QDSSC) is a new
technology in the field of solar cell.
Photoanode is important for QDSSC due to
net photo conversion efficiency. Carbon based
materials such as carbon nano tubs, graphene,
active carbon and the other complex
nanostructures can raise conductivity of active
layer and charge transfer rate. Photoanode
which have carbon based materials can be

more research to upgrading solar energy
conversion [18].

CQD has enormous wide range of
applications. Besides supplying clean energy,
it has also bio-application area application
such as bio-imaging, cellular-imaging,
drug/gene delivery. By improving CQD
research, health standarts can be increase and
it can be also possible human cloning in the
future [19].

With high surface area and porosity of biochar
develops soil aeration and supplies an asylum
to the beneficial soil organisms like arbuscular
mycorrhiza (AM), a type of fungus. These
organisms are supported the supply of
minerals and water, and guards crops against
infections by root pathogens. There are
several functional groups which are hydroxyl,
keton, ester, aldehyde, amino, nitro, phenolic
and carboxyl groups in biochar surface.
Hydrophilic/ hydrophobic and acidic/basic
properties are exhibited by biochar. Biochar
has very few polar functional groups at the
surface and highly hydrophobic in nature.
Owing to these qualification, the surface of
biochar gets oxidized and forms more
carboxylic and phenolic groups, when mixed
in soil, after exposure to O, and water present
in the soil. Also, the biochar gets more
hydrophilic than before. If the biochar has
these groups on the surface, it will enhance
the cation exchange capacity (CEC), nutrient
retention capacity (NRT) and water holding
capacity (WHC) of soil. Soil health and crop
productivity can be improved by all these
features significantly [20].

Carbon sequestration or carbon capture and
storage occurs when a biomass feedstock is
converted to biochar and is then stored in a
reservoir (soil). This storage of carbon in soil
is the net elimination of carbon from
atmosphere. By storage of carbon in soil, the
process can result in a carbon-neutral or even
carbon-negative environment, so balancing for
the effect of anthropogenic CO2 emissions.
Thanks to deeply research application of
biochar/hydrochar in the soil with improved
stability, low GHG emissions, and positive
effects on the agricultural productivity [16].



The reaction chemistry of the HTC process
gives a wide range of benefits. Formation of
intermediate products, that includes, 2-5-
HMF, aldehydes, and other phenolic
compounds occur during HTC thanks to the
formation of hydronium ions (from water
ionization) catalyzes the breakdown of
hemicellulose polysaccharides. This
compounds can potentially be used for the
manufacture of chemicals and be provided
high added value products in the biorefinery
industry. The formation and percentage yield
of all these chemicals can be made fit by
controlling the HTC process condition [16].
Both of Torrefaction and HTC processes can
upgrade the fuel quality of cotton stalk.
Temperature played an important role in
thermochemical treatment of both processes.
With increasing temperature, mass Yyield,
energy yield, and volatile content decrease,
while calorific value, fixed carbon content and
thermal  degradation  stability increase.
Additionally, increasing detention time, fixed
carbon content is increasing.

5. CONCLUSION

In this work a study of the optimization of
converting cotton stalks to biochar, with
applying HTC and torrefaction method,
reaction parameters was carried out by
response surface methodology (RSM). The
process parameters for converting reaction
such as: temperature, reaction time and
particle size were investigated. The analysis of
variance (ANOVA) showed that a satisfactory
result was obtained. The experimental results
suggested the optimal condition as follows:
temperature, 210 °C; reaction time, 60 min;
particle size 2mm. Moreover; on optimum
condition, increasing reaction time seems to
has significant effect. The effect of reaction
time (60, 120, 180 and 240 min) on the
responses values was investigated using 210
°C and 2 mm for the particle size. And the
highest HHV value is determined 5046.4 cal/g
for 4 hour. The result suggested that reaction
time has significant effect on responses
values. The energy consumption of HTC and
torrefaction were compared each other based
on at 210 °C and 2 mm particle size and 1

hour. Energy consumption at one hour
experiment on HTC and torrefaction are 0.351
kwh and 0.378 kWh respectively.
Additionally HHV values of two method at
optimum condition for one hour which are
determined 4920.4 cal/g and 4858.8 cal/g
respectively. :

It is easily to see that, higher heating values
for both of methods are quite close each other.
At this point, the energy consumption gets
significance to utilize these methods. Based
on large scale production, HTC has consumed
less energy than torrefaction for continuous
reactor.

According to experimental results and SWOT
analysis, both of methods are suitable for
production. But humidity of raw material and
reactor types have an important effect for
choosing which technology will be desired.
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