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Abstract—In this article, the modeling and analysis of the
kinetics of the pyrolysis process is carried out, which allows us
to determine the rate of chemical reactions occurring during the
decomposition of the material, as well as to identify key factors
affecting the speed and efficiency of pyrolysis. The simulation
was performed using Comsol Multiphysics software based on
the kinetic mechanisms of the reaction of biomass of corn cob
particles at a temperature of 500°C. The pyrolysis process
of plant biomass was analyzed at a residence time of 0 to 10
minutes. The resulting models describe temperature changes
well, especially in the center of the biomass. It was found that
pyrolysis of corncob biomass occurred in the temperature
range from 190 to 432 °C, at 190 °C mass loss began, which
ended at 432 °C. The Kkinetic parameters were calculated
using the Kissinger method, and the least squares method
and correlation analysis were used to calculate the Kinetic
constants. The study results will be useful for optimizing the
conditions of the biomass pyrolysis process in the future.
Keywords: Kinetics of pyrolysis, Pyrolysis of biomass, Corn
cob, Comsol multiphysics, Kissinger method

1. INTRODUCTION

For effective pyrolysis, it is crucial to understand
its kinetics, which helps in the development of reactors
and mathematical models to optimize the process. There
are two main approaches to analyzing biomass kinetics:
model-free methods and model-based methods. The
model-free approach, such as the isoconversion method,
is straightforward and does not require selecting a specific
reaction model, reducing the risk of errors. However, it
requires multiple measurements, which may introduce
inaccuracies. On the other hand, model-based methods
allow for more precise parameter selection and simplified
calculations, but they have limitations in determining
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suitable models under non-isothermal conditions, making
them less preferable in some cases.

In this paper, the rate of chemical reaction characteristics
during material decomposition of corn cob biomass
particles was studied in order to predict the efficiency of
the pyrolysis process.. For the experiment, the biomass
under consideration possessed certain thermophysical
characteristics mentioned in the following table. The entire
experiment was carried out in an isothermal condition in
a furnace under an inert and stable atmosphere where the
mass and temperature of pyrolytic samples could also be
monitored. This paper uses the isoconversion method to
decipher kinetic data and thereby estimate the activation
energy. The pyrolysis rate was determined by an ability
to change the mass and the temperature of the sample,
activating the model in order to analyze the process.

When modeling the pyrolysis process of corn cob
biomass using COMSOL Multiphysics at a heating
temperature of 500°C over a period of 10 minutes, results
on temperature and biomass mass changes were obtained.
The surface temperature of the biomass peaked at 727 K
after 460 seconds, while the center temperature reached
794 K after 433 seconds. The biomass mass showed a sharp
decline, with 58% of the mass lost after 292 seconds. To
calculate the kinetic parameters, the Kissinger method was
used, yielding an activation energy of 51.53 kJ/mol and a
frequency factor of 6.2x10° sec™! for corn cob particles.

A kinetic analysis of the pyrolysis of corn cob biomass
with a size of 0.02 m? was conducted using COMSOL
Multiphysics software in the temperature range of 20—
500°C over 10 minutes. The Kissinger method enabled
the calculation of the kinetic parameters, which remained
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constant throughout the experiment. The data obtained,
along with correlation analysis, will aid in optimizing the
pyrolysis process conditions for biomass in the future.

Among all the types of thermochemical processing
of biomass, pyrolysis is one of prominent processes. The
enhanced feasibility of an energy project with the help of an
industrial biomass pyrolysis plant will make the reduction
of carbon emission possible to establish an energy project
[1,2].

For modeling the behaviour of a material during
pyrolysis, the kinetics of the processes are also determined.
The information assists in selection of a suitable reactor and
in building quantitative models for the improvement of the
pyrolysis process. With regards to the thermal processing
of hydrocarbon waste and biomass, issues such as pyrolysis
kinetics; and influence of raw materials are deemed to be
informative.

Currently, several techniques are used to analysis of
kinetic data of biomass and they are categorized as either
non-parametric or parametric. The model-free method is
also called the iso-conversion method for which the test
is conducted at varying heating rates, and calculations
are done at the similar conversion rates. From this, the
activation energy for a particular conversion point is
determined. However, in model-based methods, the genetic
parameters are identified using a fitting function for a whole
set of parameters which provide a predicted data set. It is
the variation between the actual data and the predicted data
concerning any set of model parameters. In the case of the
kinetic analysis, the best chosen values of the parameters
are those that reduce this difference [3,4,5]. Thus, the
method has several disadvantages, firstly, it is impossible
to determine a suitable reaction model for non-isothermal
mode. This method is usually likely to provide higher values
of the kinetic constant that is why it was mostly substituted
by iso-conversional methods. The main strength of the model
free method is that the procedure is conceptually simple and
no errors arise from choosing a specific kinetic rate model.
These methods seek to determine the activation energy,
EEE, for a particular transformation. The disadvantage
of this method is that it necessary to obtain a series of
measurements of the sample mass at different heating rates
and different inert gas flow, and these measurements can
contain errors [6,7,14].

II.  MATERIALS AND METHODS

Due to their high calorific value and bio-oil yield
[8,9,10,15], corn cobs were selected as the biomass for this
research. The corn cob biomass, with a particle size of 0.02
m? and thermophysical properties listed in Table I, was
analyzed using COMSOL Multiphysics software.

Concerning the experiments, an experimental system
was established for the series of experiments including
isothermal furnace in an inert atmosphere comprised of
tubular reactor. The thermocouples TP were used in order to
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maintain constant furnace temperature, while the nitrogen
purging through the furnace chamber provided the inert
atmosphere. Five grams of sample was conditioned in the
isothermal furnace and during each experiment, 1 kg of
biomass was used with the temperature and mass of the
sample measured during pyrolysis.

In this work, the pyrolysis rate in the tubular reactor
was obtained to examine the kinetic of the pyrolysis process
of corn cob biomass. Parameters that yielded information in
this kind of reactor include rate of pyrolysis, temperature,
pressure and the rate of heating.

The pyrolysis rate in a tubular reactor was quantified
by weight loss technique and also using temperature probes
identified in COMSOL Multiphysics. The weight method
is one of the methods that are used to quantify dynamics
of biomass mass in the reactor. The rate at which pyrolysis
occurs can then be found using data obtained from the mass
loss after pyrolysis had taken place. Because pyrolysis is
generally associated with heat generation, temperature
probes were used to measure reactor temperature fluctuations
with time. These measurements brought extra information
which help estimate the pyrolysis rate with respect the to
thermal parameter.

Table I: Thermophysical Properties of Corn Cob Waste [8,9,10]

Indicators Values
1 Density, kg/m? 282,38
2 Humidity, % 5-6,5
3 Dimensions, mm 10x20
4 Coefficient of thermal conductivity, W/m-°C 0,096
5 Porosity 0.4
6 Pore size SE-5m
7 Emissivity 0.95
8 Effective the‘:rmail conductivity in the 132
transverse direction of the fibers, W/(m<K) >
9 Effective thermal conductivity in the direction 37
of the fibers, W/(m*K) ’

To conduct the experiment, the experimental conditions
were set up in the Comsol Multiphysics software, which are
shown in Table II.

Table II: Experimental Conditions for the Analysi

Indicators Values
1 The initial temperature of the biomass, K 293
2 Furnace temperature, K 820
3 The temperature of the gas in the reactor, K 773

For investigating the kinetics of biomass pyrolysis, the
thermophysical properties for corn cobs were subsequently
introduced into COMSOL Multiphysics. In this case, the
initial weight of the biomass sample was set to 1kg:0 with
a BOD value of 500mg/l. Since TGA mass loss is relative
to the initial mass of the sample, this initial value was
employed for measuring the mass change of the sample
during pyrolysis.
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During the pyrolysis the needed experimental
conditions, for example the temperature and the pressure,
were set by the help of the COMSOL Multiphysics software.
To maintain accuracy the weight of the sample was weighed
using the built in software functions every now and then.

As the pyrolysis progressed, the sample’s mass
decreased, and this change was recorded continuously
during the experiment.

Upon completion, the recorded mass change data
were analyzed. These data were then used to determine the
heating rate over time and as a function of temperature.

For the analysis of activation energy at conversion
points in both isothermal and non-isothermal experiments,
the model-free approach is represented by the isoconversion
method [11]. The application of this method is consistent,
allowing for the extraction of standard kinetic data from
non-isothermal experiments. A model-free equation for
three different methods is provided below [12,13,16].

To study the kinetics of pyrolysis of biomass particles
by corn cob, the Kissinger method was used in the study:

() = (F) -7

where E - the activation energy (kJ/mol), T - the
absolute temperature (K), T _m - the peak temperature (K),
A - the frequency coefficient (min™'), B - the heating rate
(°C/min), R - the gas constant (kJ/mol*K).

ITII. RESULTS AND DISCUSSION

When modeling the pyrolysis process of biomass, such
as corn cobs, using COMSOL Multiphysics software, in the
time range of 0—10 minutes, with a heating temperature of
500°C, the following results were obtained (Fig. 1-3).

surface temperature of the biomass reaches a peak of 727
K after 460 seconds, while the temperature at the center
reaches 794 K after 433 seconds.
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Fig. 2: Change in Biomass Mass as a Function of Time

The mass loss of the biomass over time is presented in
Fig. 2. Starting at 112 seconds, the corn cob particle rapidly
begins to lose mass. In about 292 seconds, the particle loses
58% of its mass. By the end of the process, the corn cob
biomass is fully transformed, with most of the material
converted into char.

Based on the temperature data obtained from the
sensors, we calculated the heating rate (Fig. 3). This was
determined by taking the arithmetic mean of the surface
temperature and the temperature at the center of the biomass.
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Fig. 1: Temperature Change During Pyrolysis at the Center of the Biomass

During the modeling of the pyrolysis process for corn
cob biomass using COMSOL Multiphysics, temperature
sensors were positioned both on the surface and at the
center of the biomass to monitor temperature changes.
The temperature variation over time is shown in Fig. 1.
The resulting models describe the temperature trends well,
especially in the center of the biomass. Both the time and
absolute peak temperature values at each position are lower
than those observed in experiments. Fig. 1 shows that the
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Fig. 3: Kissinger Graph for a Corncob Particle
Table I1I: Kinetic Parameters of the Corn Cob Determined by the
Kissinger Method
. Heating Speed . E (kJ/ 4 )
Biomass (C/Sec) T, CO mol) A (sec™) R
1,30 95,38
1,48 198,54
1,47 263,54
1,34 336,38
A particle 1,22 36838 | 51,53 | 62%10° | 0,63
of corn cob
1,08 411,86
1,06 464,59
0,92 478,49
0,83 467,37

Copyright © IEEE-2024 ISBN: 979-8-3503-8749-0



Modeling and Analysis of the Kinetics of the Pyrolysis Process of Biomass with Influence Raw Material Composition on Comsol Multiphysics

To apply the peak temperature in the Kissinger
method, the maximum temperature was selected based on
the arithmetic mean of the temperatures at the surface and
center of the biomass particle. This value remained constant
at different heating rates. A linear line, obtained using the
Kissinger method, is shown in Fig. 3, from which the kinetic
constants were calculated. These constants were determined
using the least squares method.

The activation energy and frequency factor were
derived from the slope and intercept of the linear regression
line, as presented in Table III. For a corn cob particle, the
activation energy and frequency factor were found to be
51.53 kJ/mol and 6.2x10° sec™’, respectively.

IV. CONCLUSIONS

In this study, a kinetic analysis of biomass pyrolysis
for a corn cob particle with a surface area of 0.02 m? was
conducted using COMSOL Multiphysics software. The
temperature range was 20-500°C, and the experiment
lasted for 10 minutes. The software allowed us to monitor
temperature changes at both the surface and center of the
biomass, as well as track mass loss over time. Using the
obtained data, and through mathematical calculations,
weight analysis, and the least squares method, we created
Kissinger plots, which provided kinetic constants essential
for studying the pyrolysis process of corn cob particles.

From the data obtained, the following conclusions can
be drawn:

e The temperature at the surface of the biomass
particle rapidly increased to 684 K within 200
seconds, then rose to 717 K over 400 seconds,
eventually stabilizing at 773 K inside the reactor.

e The temperature at the center of the biomass
particle reached 684 K in 374 seconds, with a peak
of 794 K at 433 seconds, after which it slowly
decreased to 615 K.

e Biomass degradation began after 108 seconds and
ended after 483 seconds, during which the mass
loss reached 79%, leaving a charred mass of 21%
or 210 grams.

e  The maximum weight loss of the corn cob, 58%,
was observed within the temperature range of
180-360°C.

It was concluded that the pyrolysis process for the
corn cob biomass occurred within the temperature range
of 190—432°C. Biomass began losing mass at 190°C, with
the process concluding at 432°C. The kinetic parameters
were calculated using the Kissinger method, and both
the least squares method and correlation analysis were
used to determine the kinetic constants. These results are
expected to be useful in optimizing future biomass pyrolysis
processes. In the Kissinger method, the kinetic parameters
remained consistent throughout the pyrolysis process, and
the correlation coefficient between temperature and heating
rate in the model was found to be 0.79.
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