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Thermogravimetric Analysis and Kinetic Study of Spirulina Platensis Residue Pyrolysis

Bio-oil from microalgae pyrolysis has excellent potential to be developed as a renewable, sustainable, and environmentally friendly
energy fuel. Utilization of solid waste from microalgae extraction of spirulina platensis as an energy source with pyrolysis technology is a
solution for pollution due to biomass extraction. The solid residue is known as Spirulina Platensis Residue (SPR). SPR pyrolysis will
produce liquid fuel (bio-oil), gas and biochar. This paper discusses the study of the pyrolysis kinetics of SPR with Thermogravimetric
analysis (TGA) by flowing nitrogen, the settlement method using Kissinger - Akahira - Sunose (KAS) and Flynn - Wall - Ozawa (FWO). The
samples were heated at a temperature range of 25 to 1000 °C with three different heating levels, namely 10, 30, and 50 °C/minute. The
results obtained from the thermal decomposition process show three main stages, namely dehydration, active and passive pyrolysis. The
activation energy (Ea) and the pre-exponential factor (A) obtained by the FWO method were 59.257 kJ/mol and 82,068, whereas with
KAS were 52.423 kJ/mol and 13,630. The KAS and FWO methods present the actual value of the kinetic parameters, because they are
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the sum of the parameters of the physical and chemical processes. The experimental results show that the kinetic parameters obtained
from the two methods are slightly different, however the KAS and FWO methods are quite efficient in explaining the mechanism of the
degradation reaction.
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Abstract. Bio-oil from microalgae pyrolysis has excellent potential to be developed as a
renewable, sustainable, and environmentally friendly energy fuel. Using pyrolysis technology to
use the solid waste from microalgae extraction of spirulina platensis as an energy source is a
solution for pollution due to biomass extraction. The solid residue is known as Spirulina Platensis
Residue (SPR). SPR pyrolysis will produce liquid fuel (bio-oil), gas, and biochar. This paper
discusses the study of the pyrolysis kinetics of SPR with Thermogravimetric analysis (TGA) by
flowing nitrogen, the settlement method using Kissinger - Akahira - Sunose (KAS) and Flynn -
Wall - Ozawa (FWO). The samples were heated at a temperature ranging from 30°C to 1000°C
with three different heating levels, namely 10, 30, and 50°C /min yang injected 20 mL/min
Nitrogen (N2). The results obtained from the thermal decomposition process show three main
stages, namely dehydration, active and passive pyrolysis. The activation energy (Ea) and the pre-
exponential factor (A) obtained by the KAS method were around 42.241 kJ/mol, 51.290 kJ/mol,
54.556 kJ/mol, and 61.604 kJ/mol with conversion of 0.2%, 0.3%, 0.4%, while the estimation of
activation energy from FWO 48.963 kJ/mol, 58.107 kJ/mol, 61.498 kJ/mol, and 68.457 kJ/mol
with conversion of 0.2%, 0.3%, 0.4%, and 0.5% respectively. the kinetic parameter can be
described by using this method. The experimental results show that the kinetic parameters
obtained from the two methods are slightly different. However, the KAS and FWO methods are
quite efficient in explaining the mechanism of the degradation reaction.

1. Introduction
Recently, renewable energy has been one of the interactive issues in Indonesia for discussion in-depth
and development because Indonesia has a substantial potential renewable energy source, sustainable
energy, and low carbon emission [1]. One type of biomass as an energy source is microalgae which
attract attention and have several advantages, including high yield per area, 15 times higher than palm
oil, increased efficiency in absorbing, no competition with agriculture and food. In addition, microalgae
cultivation can use photo-bioreactor and open water (sea and pond)[2].

There are three main microalgae components: proteins, carbohydrates, and natural oil (lipids).
Microalgae can be converted using pyrolysis to produce bio-fuel about 40% at a temperature ranging

from 300°C - 500°C [3]. Pyrolysis is a thermochemical process in which biomass decomposes without

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
Published under licence by IOP Publishing Ltd 1
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oxygen. Next, producing condensable gas in the form of liquid fuel, non-condensable gas, and bio-char
as a solid product [4], [5]. Fuel combustion engines can use fuel in liquids and gaseous biofuels with
high energy content [6], [7].

An important factor in pyrolysis is the kinetic reaction process where this process is a reaction process
which involves reaction time, mass decomposition, and activation energy. [8]. Analysis of reaction
Kinetics in pyrolysis can be understood in depth using thermogravimetric analysis (TGA)[9]. According
to Mishra et al. [10], the TGA method for kinetics study on pyrolysis has high-precision methods. It
provides quantitative methods for the examination process and estimation of an effective kinetic
parameter. In addition, there are three important procedures to investigate the kinetics and thermal
decomposition characteristics of biomass. They are including thermal gravimetric (TG)[11], differential
thermal analysis (DTA)[12], and differential thermal gravimetric (DTG) [13].

Next, there are some methods to analyze the kinetic reaction: Model-fitting and model-free methods
from isothermal and non-isothermal used in some previous research [14]. According to [15], the fitting
model uses several kinetic models for processing TGA data, where the model that provides the best
linearization of the TGA data is selected. The model-fitting requires only one TGA data curve for one
heating rate. Generally, the model-fitting method is visible to identify in more than one model in the
same data with a high fit. However, this makes it challenging to select the best kinetic model. Examples
of non-isothermal solid fitting kinetic models are the differential method [16], Freeman-Carroll [17],
and Coats-Redfern [18].

Another method to determine decomposition thermal is a model-free method [19]. This method used
several data curves at different heating rates to obtain kinetic parameters as a conversion function,
commonly called iso-conversion, can be obtained from the calculation. The reaction model used is the
same for each conversion with different heating rates. The method for determining these Kinetic
parameters is quite simple, but the same sample mass and inert gas streams at different heating rates can
only carry out [3]. Examples of model-free iso conversion methods are Flynn-Wall-Ozawa (FWO)[20],
Kissinger-Akahira-Sunose (KAS)[21], Vyazovkin, Vyazovkin AIC, Friedman, and Starink methods. On
the other hand, the Kissinger model is one of the independent models but is not an iso conversion method
because the kinetic parameters are assumed to be constant.

The mechanism of the solid-state process, which is a multi-step process with different rates, is
complex enough to be approximated by a simple kinetic model [21-22]. This article aims to study the
pyrolysis kinetics of spirulina platensis residue (SPR). The process mechanism, an iso-conversion
method, and the kinetic phenomena in solid-state processes are described in this paper. This method
allows the estimation of the kinetic parameters without assuming a reaction model. The effect of
temperature and conversion in the thermal decomposition was used in this method as the basic idea.
Kissinger-Akahira-Sunose (KAS) and Flynn-Wall-Ozawa (FWO) as two methods were proposed in this
research to determine the kinetic parameters of SPR pyrolysis.

Recently, the thermal degradation of lignocellulosic biomass was widely used to determine the
kinetic reaction. The field of biomass such as sewage sludge [23], flax stems [13], [24], waste sawdust
[25], and poplar wood [26] conducted the previous research. However, there are few studies related to
determining the pyrolysis kinetics of low-lipid microalgae. Therefore, this paper aims to determine the
thermal degradation of SPR microalgae with TGA, DTA, and DTG through a free-model approach. The
expected result is to help design and improve thermochemical conversion systems for low-lipid
microalgae.

2. Materials and Method

2.1. Materials

Spirulina platensis (SPR) residue is a solid residue obtained from Spirulina platensis (SP) extraction
with methanol as solvent. SPR was analyzed to calorific value at the Laboratory of Food and
Agricultural Products, Department of Agricultural Technology. The Laboratory of Food and Nutrition,
Center for Inter-University (PAU) UGM conducted the proximate analysis. At the same time, the
ultimate analysis was carried out at the Testing Laboratory, Tekmira Research and Development Center,
Bandung. The Characteristics of SPR are shown in table 1.
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Table 1. Characteristics of SPR

Component SPR
Elemental analysis (wt%)
Carbon 41.36
Hydrogen 6.60
Nitrogen 7.17
Oxygen 35.33
Higher heating value (MJ/kg) 18.21
Composition (dry-ash-free, wt%)
Protein 49.60
Lipid 0.01
Carbohydrate 25.60

2.2. Methods

2.2.1. Experiments. Thermal decomposition was tested using TG-DTA (Perkin Elmer Pyris Diamond)
at the Academy of Skin Technology, Yogyakarta (Yogyakarta ATK Polytechnic). The SPR as a raw
material for each experiment was 4-8 mg. The temperature ranges from 30 to 1000°C together with
heating rates of 10, 30, and 50 °C/min. 20 mL/min of nitrogen was injected to maintain oxygen-free
pyrolysis conditions with a high-purity nitrogen stream carried out the heating rate.

2.2.2. Kinetic Modeling. The one-step global model assumes that the devolatilization phenomenon takes
place as a single reaction. This model was introduced by [27], [28]. Heating rete was used to find TG
curve. Three components of biomass (hemicellulose, lignin, and cellulose) was established as equation
1.

hemicellulose ——» vy + (1- vp) volatiles

cellulose » Vc+ (1-ve) volatiles @

lignin » Vi+ (1- Vi) volatiles

Where v represents the char yield of the reaction while (h,c, i) denotes hemicellulose, cellulose, and
lignin, in general, decomposition reaction in this model is produced a volatile substance and char.

The sample was pyrolyzed with a non-isothermal thermogravimetric analysis (TGA), and the change
in weight of the sample was recorded. The conversion rate for time or degradation, dX/s, depends on
the reaction rate constant, which is affected by temperature, k(T), and the conversion, f(X). Equation 2
expressed the detail of TGA as:

= =k(DfX) 0

Where X is the conversion, t is the time in minutes, T is the temperature in Kelvin. The rate constant
for the reaction represented as k follows the Arrhenius equation:

k(T) = Ae(""%/rr) 3)

Where E, is the activation energy of the reaction (kJ mol?), T is the absolute temperature (K), R is
the gas constant (8,314 J/Kmol™), and A is the pre-exponential factor (min 1). If the conversion (X) is
expressed by [24], then the conversion rate from solid-state to volatile product (da/dt) can be written by
the following equation:

= = k(Nf (@) @)
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Where o, ¢, k(T), and f (o) are symbols of conversion rate, time, the reaction rate constant, and
conversion, respectively. Calculating the mass at the initial time can also use a and k(T) as follows:

q="1"Ta (5)

mi—mg
where:

e maisthe weight of SPR at time t,

e mi;is the initial weight of SPR, and

e mgis the final weight of SPR at the end of the reaction.

The combination of the two equations (4) and (5) gives the expression of the fundamental in equation
(6) analytical method for calculating the kinetic parameters, based on the TGA results.

9 _ A f(a).e "rr (6)

dat

The expression function f(a) is used to describe a first-order reaction for the solid-state. Hence many
authors limit the mathematical function f(a) to the following expression:

fl@)=00-a" ()

Where n presents the order of the reaction. From the equations (6) and (7) becoming equation (8) states
the reaction rate in the form:

Z—‘: =A.(1- a)"e_Ea/RT (8)
For the heating, the rate can express it as
da da dt
B=w~war ©)

Where do/dT is the non-isothermal reaction rate and substitution of equations (8) and (9), this produces
the following equation:
da _ é

priml (1- a)”e_Ea/RT (10)

Equation (10) is reduced to a linear equation; furthermore, the kinetic parameters are evaluated from
the plot of the y-axis versus the x-axis that is the fundamental equation to determine the thermal
degradation kinetic methods using iso-conversion methods [29]. In this study, two general iso-
conversion methods are performed by Kissinger-Akahira-Sunose (KAS) and Flynn-Wall-Ozawa (FWO)
[26]. According to [30], the KAS and FWO method can be selected and applied to determine TG/DTG
data. The advantage of KAS and FWO methods is that the calculated activation energy (E.) is allowed
without any prior knowledge f the analytical form of the conversion function (f) [31]. This method also
can provide a capability to describe the kinetic mechanics of pyrolysis [32].

2.3. Model-free methods

2.3.1. Kissinger — Akahira — Sunose (KAS). Kissinger-Akahira-Sunose (KAS) method is an iso-
conversion method to obtain the Kinetics of the solid-state reaction without knowing the reaction
mechanism. This method was introduced by [33] that variation of peak temperature with heating rate
can be derived from the kinetic of reaction in a differential thermal. In this paper, the equation (10) can
be derived to the equation (11) by using KAS methods as follows:

Bi\ _ AgRY\  Eq
M@”%ﬁam (11)
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Where i is the heating rate, T is the temperature for each predefined conversion at different heating
rates, E, is the activation energy for each conversion, A, is the pre-exponential factor for each
conversion, g, as the integral of f{a). The slope of the graph (_E a/ R is used to calculate the activation
energy. Meanwhile, the intercept plot In(Bi/Tai) versus 1000/Tai shows a pre-exponential factor.

2.3.2 Flynn — Wall — Ozawa Method. The FWO method was introduced by [34], [35] which it makes
possible to obtain the activation energy (Ea) of the logarithm of the heating rate, /nfi, versus 1052/Tai,
which represents a linear relationship with specific conversion values at different heating rates. Flynn-
Wall-Ozawa (FWO) method was another iso- conversion method that can be expressed as in equation
12 as follows:

AgEq
Rg(a)

Ea
RT g

Ln(B,) = Ln( ) 5331 1.052 (12)

Where g(a) is constant at the given conversion value, the subscripts i and o show the offered heating
rate and conversion value, respectively. The activation energy E o is calculated from the slope of
1.052Ea/R. Calculating the slope (1.052E0/R) and the intercept plot (fi) versus 1000/Tai estimated the
slope activation energy and pre-exponential factor.

3. Result and Discussion

3.1. Thermogravimetric Analysis

The thermal decomposition of Spirulina platensis residue (SPR) can be determined by
thermogravimetric analysis shown by the DTA, TG, and DTG curves. The DTA curve is used to describe
the temperature difference between a substance and a thermally inert reference material that is measured
as a function of the temperature (T), The TG curve is used to describe the thermal analysis, and the DTG
curve is used to describe the weight loss or increase at heating rate. The experiment was carried out at a
temperature ranging from 30°C to 1000°C with a heating rate of 10, 30, dan 50 °C/min, respectively,
flowed 20 mL/minute nitrogen (N2). The profile of sample mass (TG curve) can be expressed by the
thermo-gravimetric analysis directly. The shape of derivative mass loses (DTG) can be defined by
d(m/mo)/dT. Figures 1 and 2 can describe the TG-DTG profile.

Time, min.
0 10 20 30 40 50 60 70 80 20 100 110

Stagell

Weight Loss %

Stagel '
10 4 i ' Stage III

0 1 1 Il 1 1 Il 1 1 I
0 100 200 300 400 500 600 700 800 900 1000
Temperature.°C

Figure 1. TG of weight loss curves of spirulina platensis residue at three heating rates with three
stages: dehydration, active and passive pyrolysis
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Figure 2. DTG of a spirulina platensis residue at different heating rates.

Figure 1 Indicated that the thermal decomposition process of SPR was divided into three stages:
water dehydration, active pyrolysis, and passive pyrolysis. The effect of temperature on pyrolysis is
proportional to the process of mass decomposition at SPR which the pyrolysis temperature increases
while the mass weight decreases slightly. The pyrolysis temperature increases with increasing heating
rate, but the final temperature was not affected. The detail of thermal decomposition is described in table
2.

Table 2. Thermal decomposition of SPR

Thermal decomposition Heating rate (°C/min)
10 30 50
Stage | (water dehydration) 30°C - 220°C 30°C - 240°C 30°C - 260°C
Stage Il (active pyrolysis) 221°C - 615°C 241°C -585°C  261°C-600°C

Stage 111 (passive pyrolysis) 616°C - 1000°C  586°C - 1000°C  601°C -1000°C

The water dehydration process releases water content, adsorbed water on the SPR sample, and
evaporates the light volatile components. Weight loss in stage | is around 11-15%. Weight loss in the
active pyrolysis process is about 55-60%. In the active pyrolysis process, most cellulose and
hemicellulose are decomposed to produce chemical compounds such as benzene, toluene, phenol
alkenes, and alkanes, among other compounds. The passive pyrolysis process, commonly called
gasification, occurs when lignin is decomposed. The nature of lignin is relatively stable to heat so that
the decomposed mass is quite small and the weight loss is insignificant. The weight loss curve (TG) in
figure 1. shows the mass loss with the temperature at different heating rates on the SPR. Thermal
decomposition in this study was relevant with some literature survey that summary is listed in table 3,
which includes the TGA technique in the previous research and pyrolysis behavior into three stages.
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Table 3. Investigations on pyrolysis behavior using thermogravimetric Analysis from the previous

study
Heating Temp Mass loss temperature range (°C) Ref
rate operation Stagel  Mass loss Stage Mass loss Stage  Mass loss
(°C/min) (°C) of stage 1 2 of stage 2 3 of stage 3
10, 40, 0-1000  25-200 10% 200-600 41.5% >600 Lower  [36]
70, and mass loss
100
5, 10, 0-1000  25-200  Moisture  200-600 - >600 - [37]
and 20 loss

10,20, 100-1000 <150 0.87% 150-584  35.49% 584-800 507%  [38]
and 30

5, 10, 25-900 25-200 Moisture  200-500 55% 500-600 20% [39]
20, and loss
30

10 25-900 150- 22.5% 200-450 41.7% 450-600 5.7% [40]
300

The effect of derivative thermogravimetric (DTG) on heating rate can be seen in figure 2. DTG curve
indicates that when the heating rate increases, the DTG value also increases, and the DTG curve changes
based on the higher temperature range. In this process, the active and passive pyrolysis region is also
increasing. Different heating rates in this experiment was 10°C/min, 30°C/min, and 50°C/min which
mass decomposition in heating rate 10°C/min begins on a reasonably low curve and at a temperature of
300°C. In contrast, the heating rate of 30°C/min and 50°C/min occurs in the temperature ranging from
350°C to 600°C. Then, above a temperature of about 700°C, the process of mass decomposition
proceeds slowly. The TG and DTG curves with variations in heating rate tend to shift towards higher
temperatures. The starting point and endpoint of the active pyrolysis region are located at higher
temperatures for higher heating rates. The range of active pyrolysis decomposition rates is extensive for
higher heating rates. The higher the heating rate, the maximum decomposition rate is located at a higher
temperature and has a higher value. This phenomenon indicates that there is a limit to heat transfer. An
immediate amount of energy is required for the system. It takes a longer reaction time to reach a
temperature equivalent to the furnace temperature when low heating rate. The reaction time is shorter at
a higher heating rate, so the sample requires a higher temperature to decompose. These results were
consistent with the prevision research in the field of microalgae. The detail of the comparison from
previous research is described in table 4.



International Bioprocessing Association Subject Conference (IBASC 2021)

IOP Publishing

IOP Conf. Series: Earth and Environmental Science 963 (2022) 012010

Table 4. Comparison of the thermal decomposition of microalgae
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Microalgae Experiment result Heating Rate Ref
Species Stage | Stage Il Stage I11
Chlorella  Temperature Temperature From 460-600°C. heating rate of 10, [41]
Vulgaris ranging from 25°C  ranging from in this stage, there 20, and
to 150°C. in this 150-450°C. most are very slight 40°C/min.
stage, water and of the organic weight losses, and
light volatile species are carbonaceous
compound are lost decomposed in reduction are
this stage decomposed
Spirulina Starting at Starting at 200- Starting at 600- the heating rate of [42]
Sp 50-200°C. the first 600°C. in the 900°C, the weight 10 °C/min  and
stage is second stage, the loss is lost slowly. temperature
dehydration which weight loss is ranging from
moisture remove approximately 50-600°C
from the sample 60%
Chlorella  Starting at Starting at 150- Starting at higher heating rate [43]
Vulgaris 0-150 °C 450°C, in this than 540°C. the 10°C/min and
stage, the thermal thermal 20 °C/min
degradation  of degradation was
carbohydrate, decayed slightly
protein, and lipid
was lost
This study  Process Starting at 221- Starting at 616- the heating rate of
dehydration 615°C active 1000°C 10 °C/min,
occurs in this pyrolysis occurs Passive pyrolysis 30 °C/min, and
stage, with in this stage occurs in  this 50 °C/min
temperature stage
ranging from 30 to
220°C

Differential thermal analysis (DTA) of SPR can be seen in figure 3. During the TGA experiment,
constant heating rate measures the temperature difference between the heating temperature of SPR and
the references material. The peak of the DTA curve represents the thermal condition which a positive
peak value describes an endothermic process while a negative value indicates the exothermic process.

90 |
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50 +
30 1
10 -

—HR=10C/min
——HR=30Cimin
——HR=50 C/min

& -10 ¢
=30 7\

<f_50 §
2 70 A
90 T
-110 +
-130 T
-150

Figure 3. Differential thermal analysis (DTA) of SPR

Temperature.°C



International Bioprocessing Association Subject Conference (IBASC 2021) IOP Publishing
IOP Conf. Series: Earth and Environmental Science 963 (2022) 012010  doi:10.1088/1755-1315/963/1/012010

3.2 Kinetic analysis based on the KAS and FWO

Kinetic analysis based on the KAS and FWO was used to calculate the kinetic parameters from a
thermogravimetric study using the model-free method. The activation energy (Ea) and the pre-
exponential factor (A) were obtained using the Kissinger-Akahira-Sunose (KAS) and Flynn-Wall-
Ozawa (FWO) methods. The KAS method uses equation (11) to determine the activation energy and
pre-exponential factor. At the same time, the FWO method uses equation (12) to determine the activation
energy and pre-exponential factor. The plot of regression shown from /n (5/ T°m) versus 1000/T,K™ that
illustrated in figure 4. The regression and quadratic equations of the correlation coefficient (R2) are also
presented. The activation energy (Ea) and the pre-exponential factor (A) are derived from the slope and
cross of the plotting regression line, respectively. The results obtained from the KAS method are
provided in table 3; the average activation energy (Ea) value and the pre-exponential factor of KAS
methods are 52.423 kJ/mol and 1.363 x 10% The experiment was used the same value of o from range
0.20 to 0.50. The heating rate in this calculation was followed by figure 1, in which g indicated from 10,
30, and 50°C/min.

-8,6 T T T r
g 8.0p13 0,0015 0,0016 0,0018 0,0019 0,0p21

-9 a= 20%
-9,2
94 850 a= 30%

-9,6 a=40%
-9,8

-10 B:30 a=50%
-10,2
-10,4
-10,6

In(B) (K/s)

R-1N

UT (1K)
Figure 4. KAS Method of kinetic analysis of SPR

Figure 4 shows the change in conversion with the sample temperature at different heating rates in
determining the kinetic parameters. The results of the activation energy value calculation, pre-
exponential, can be seen in table 3, which all curves at different heating rates, and we find the appropriate
temperature. Plot FWO was described in In(Bi) versus 1000/TaiK™ other conversion value shown in
figure 5. The activation energies are obtained from the slope and pre-exponential factor of the regression
line intercepts and are given in table 5—the calculated square of the correlation coefficient, R%. The
average activation energy (Ea) value and pre-exponential (A) of FWO methods are 59.257 kJ/mol and
8.206 x 10%.

4 4 a=20%
£:50 a= 30%
- a= 40%
w357 a= 50%
X 2-an Linear (a= 20%)
-~ 31 Linear (a= 30%)
S Linear (a= 40%)
= Linear (a= 50%)
25 1 510
2 : : :
0,0014 0,0016 0,0017 0,0019 0,0020

UT (1K)
Figure 5. FWO method of kinetic analysis of SPR
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Thermogravimetric analysis is a common technique used to evaluate the thermal decomposition of
biomass. In addition, iso-conversion methods such as KAS, FWO, and Kissinger are widely used to
determine the kinetic parameters. In this study, KAS and FWO were used to determine the SPR reaction
kinetics.

Table 5. The activation energy of SPR obtained by KAS and FWO method

KAS Method FWO Methods

a Activation A (min?) Coefficient  Activation A (min?) Coefficient
(X/%) Energy, Ea of Energy, Ea of

(kJ/mol) Determinati  (kJ/mol) Determinat

on, R? ion, R?

0.20 42.241 0.781x10°  0.9886 48.963 7.134 x 10° 0.9929
0.30 51.290 4.963x 10°  0.9931 58.107 3.536 x 10* 0.9955
0.40 54.556 9.755x 10*°  0.9978 61.498 6.564 x 10* 0.9986
0.50 61.604 3.902 x 10*  0.9927 68.457 2.201 x 10° 0.9944
Average 52.423 1.363 x 10* 59.257 8.206 x 10*

The appearance of activation energy by using KAS and FWO methods can be seen in figure 6. From
the calculation, the energy activation from KAS and FWO is not the same for all conversions that can
observe. It suggests the existence of a complex multi-step mechanism that occurs in the solid state. This
mechanism shows that the reaction mechanism is not the same in the overall decomposition process,
and the activation energy depends on the conversion. The estimation of activation energy from KAS
method is around 42.241 kJ/mol, 51.290 kJ/mol, 54.556 kJ/mol, and 61.604 kJ/mol with conversion of
0.2%, 0.3%, 0,4%, and 0.5% respectively. While the estimation of activation energy from FWO 48.963
kJ/mol, 58.107 kJ/mol, 61.498 kJ/mol, and 68.457 kJ/mol with conversion of 0.2%, 0.3%, 0,4%, and
0.5% respectively. These results are indicated that activation energy from FWO is more than the
activation energy of the KAS method. The clear correlation between conversion and activation energy
can be seen in figure 6.

70 -
65 -
60 -
55 -

50 -

Activation Energy (kJ/mol)

45 - —a— FWO

—eo— KAS

40 T T T T
0,0 0,1 0,2

T T
0,3 0,4
Conversion (%)

0,5 0,6 0,7

Figure 6. The activation energy is a function of conversion.

The use of KAS and FWO methods were justified the ICTAC committee's recommendation for a
model-free method and affected by the use of catalyst. The term of its dependability validated the kind
of biomass the experiment in this study was without these methods. Based on table 6 obtained, the
average activation energy in this study is relevant to several kinds of literature. KAS and FWO methods
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were proven and able to interpretation the kinetic reaction of biomass. The difference of activation in
this study with the previous research was a catalyst.

Table 6. the comparison of kinetic methods and activation energy from the previous study

Biomass types  Methods Activation energy (kJ/mol) references

Banana leaves KAS, FWO, Starink, and 79.36, 84.02,92.12, and 73.89  [44]
Friedman

Sugar leaves FWO, KAS, and Starink 226.97, 226.75, and 226.94 [45]

Coconut shell FWO and KAS 99.2 and 94.7 [46]

Chlorella KAS and FWO 148.75 and 150.99 [47]

Vulgaris with

catalyst

C. Vulgaris KAS and FWO 131.228 and 142.678 [41]

4. Conclusion

Kinetic studies on Spirulina Platensis Residue (SPR) in this study are presented in DTA, TG, and DTG
curves to determine the mass decomposition of the reaction. In addition, the calculation of kinetic
analysis to determine the response kinetics parameters from the results of the thermogravimetric study
uses the model-free method. The activation energy (Ea) and pre-exponential factor (A) were obtained
by the Kissinger-Akahira-Sunose (KAS) and Flynn-Wall-Ozawa (FWO) methods. The process of mass
decomposition in SPR occurs in 3 areas: dehydration, active pyrolysis, and passive pyrolysis. The effect
of temperature on pyrolysis is proportional to the process of mass decomposition at SPR. The higher the
pyrolysis temperature, the higher the weight loss. The water dehydration process occurs at a temperature
of 30°C-240°C. Active pyrolysis process from 240-610°C, and passive pyrolysis process from 610 -
1000°C called gasification where lignin is decomposed. The plot of KAS shown from I (8/ T°m) versus
1000/TwK™. At the same time, Plot FWO is shown as in(Bi) versus 1000/TaiK™ for different conversion
values. The average activation energy (Ea) value dan pre-exponential (A) of KAS methods are 52.423
kJ/mol and 1.363 x 10*.

In comparison, the average activation energy (Ea) value dan pre-exponential (A) of FWO methods
are 59.257 kJ/mol and 8.206 x 10* The appearance of activation energy by using KAS and FWO
methods is not similar. The FWO and KAS methods of activation energy and pre-exponential factors
show the mechanism of complex reactions during the pyrolysis process.
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