IOP Conference Series: Materials
Science and Engineering

PAPER « OPEN ACCESS You may also like

Thermal degradation of naturally aged

Thermo-gravimetric characterization of biomass " NBR with time and temperature

. . Syam Prasad Ammineni, Ch Nagaraju and
properties: A review D Lingaraju

- Thermogravimetric analysis of diesel

To cite this article: O O Olatunji et al 2018 IOP Conf. Ser.: Mater. Sci. Eng. 423 012175 MarL:;ua;Sar‘ns sgllesteros and J

Rodriguez-Fernandez

- Thermogravimetric kinetics of catalytic and
non-catalytic pyrolytic conversion of palm

kernel shell with acid treated coal bottom
ash
D O Patrick, S Yusup, N B Osman et al.

View the article online for updates and enhancements.

c S| DISCOVER
i - how sustainability
The vi : intersects with

Electrochemical
Society

Advancing solid state &
electrochemical science & technology

This content was downloaded from IP address 18.222.193.207 on 10/05/2024 at 20:45


https://doi.org/10.1088/1757-899X/423/1/012175
https://iopscience.iop.org/article/10.1088/2053-1591/ac7302
https://iopscience.iop.org/article/10.1088/2053-1591/ac7302
https://iopscience.iop.org/article/10.1088/0957-0233/18/3/015
https://iopscience.iop.org/article/10.1088/0957-0233/18/3/015
https://iopscience.iop.org/article/10.1088/1757-899X/736/4/042029
https://iopscience.iop.org/article/10.1088/1757-899X/736/4/042029
https://iopscience.iop.org/article/10.1088/1757-899X/736/4/042029
https://iopscience.iop.org/article/10.1088/1757-899X/736/4/042029
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjsuYogLyndpwlNwNkdYnUysi8-xRO8ZqNtwtY3xuQBbDk_45eebXY8f1oT7qZPV09NLNFzFR-Q8j5lhuMOl2GuNOynpJW9k5vMQ1Pxr-D7BJ8jH2F_hgczzQdOPPtN0yv5wGgDzUdXD5JpPKVOSnv2hIA_Kazxb6cZxjGgnbCjcAFh9r5a6aU84uyBTPNXIXyks1cxIHWBJDmshwF7-ta4-BufqHFi2iAudlAT2XvJo1W4knIrXLCyf_tIBYlOqwkWcqDpnQbIaeu64rsifrpcTvKRZixF0rzQx8eZE_ZOaYty2VKaj7Ob8slaunmFLOr9qmoa4GVpTK0lVfhDjZuJYzusBsgA&sig=Cg0ArKJSzLGMv6TZZL_r&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://iopscience.iop.org/partner/ecs%3Futm_source%3DIOP%26utm_medium%3Ddigital%26utm_campaign%3DIOP_tia%26utm_id%3DIOP%2BTIA

ICAMMT 2018 IOP Publishing
IOP Conf. Series: Materials Science and Engineering 423 (2018) 012175 doi:10.1088/1757-899X/423/1/012175

Thermo-gravimetric characterization of biomass properties:
A review

O O Olatunji', S A Akinlabi?, M P Mashinini2, S O Fatoba', O O Ajayi’
'Mechanical Engineering Science, University of Johannesburg, South Africa

*Mechanical & Industrial Engineering Technology, University of Johannesburg, South
Africa

*Mechanical Engineering, Covenant University, Ota, Nigeria

Abstract. The performance of mathematical models, which can be used to predict the properties
of biomass, depends on accurate characterization of feedstock and their thermal decomposition.
So, the phenomenon of evaporation, decomposition and combustion that gives the specific
energy embedded in the biomass are essential properties, which need to be thoroughly
investigated. However, the experimental procedure for ultimate analysis and heating value
requires equipment that is highly sophisticated, expensive, and demand a lot of time. Even at
that, detailed information about the thermal decomposition of a biomass source may not be
obtained through these procedures. Given this, a rapid and cost-effective method is inevitable
for industrial scale biomass utilization. Thermogravimetry has proven over the years to be a
technique, which can be used to characterize the properties of biomass rapidly and efficiently.
This review article outlines the application, advantages and challenges with Thermogravimetry
as related to biomass characterisation. The literature survey was carried out on state-of-the-art
on biomass characterization using a thermo-gravimetric analytical method. In overall, the
research gap in the current status of biomass characterization by the application of
Thermogravimetry was highlighted. The effect of heating rate, gas flow rate, experimental
atmosphere, nature of sample and particle size, are identified for future research.

1. Introduction

Biomass is the single naturally occurring energy source, which contains carbon resources in a large
quantity such that it can be applied as a fossil fuel substitute [3, 4]. The characterization of biomass is
an important aspect of biomass to energy process. To this extent, thermal analytical methods have found
a wide and prominent application in recent years. The promising energy production via thermochemical
conversion technologies, which comprise pyrolysis, gasification and combustion, depends on the
thermal analysis in an actual qualification of the process [5, 6]. While the elemental composition and
heating value are fundamental properties for biomass utilization, the thermal decomposition is required
to accurately determine the characteristics and economic significance of various biomass samples and
mixtures. The ultimate analysis requires unique instrumentation, while proximate analysis data can be
sourced easily by using general equipment such as a furnace. It is expedient to understand the
characteristics of biomass before it can be successfully explored for an industrial scale energy generation.
Biomass from diverse sources has different properties [7]. Therefore, it may be costly to assume that all
the biomass will behave the same way during utilization.
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The properties of biomass include both physical and chemical phenomena which are: fusion,
vaporization, sublimation, thermal decomposition, combustion, desorption, chemisorption, absorption,
adsorption, transition temperature and oxidative stability [8-10]. Efficient and effective operation of bio-
plant depends on the synchronization of the process parameters to the characteristics of feedstock’s. The
cost and time implication of biomass characterization based on ultimate analysis may not be practical
for a rapid determination of the properties of biomass feedstock streaming into a processing plant [11].
Since these properties affect the conversion pathway, processing costs, yield and quality of products, an
ability to rapidly estimate them for biomass feedstock streaming into a processing plant will be useful
in the success and efficiency of bioconversion technologies [11]. The detailed understanding of solid
volatilization dynamics would assist in the better planning of vital industrial processes since pyrolysis
is not only an independent conversion technology but also part of the gasification and combustion
processes [12]. Thermogravimetry (TG) is significant given the requirements mentioned above.
Generally, the primary elements in biomass are: Carbon C, Oxygen O, Hydrogen H with lignin,
Hemicellulose and cellulose as its main structural component [13]. TG is a branch of thermal analysis,
which deals with the measurement of the mass change of samples. These measurements can be done as
a function of changing temperature or isothermally as a function of time in an atmosphere of Nitrogen,
Oxygen, Argon, Helium, Air, other gases, or vacuum [ 14]. By international standard, Thermogravimetry
is defined as a method whereby the weight of substance under a controlled heating or cooling condition
is recorded as a function of time or temperature [15]. The enormous need to develop a technique, which
could accurately control the temperature and also provide a temperature versus time programme within
a specific requirement, was the genesis of Thermogravimetry [16]. Thermo-gravimetric analysis (TGA)
is a frequently used technique in the analysis of kinetic data [17].

Also, in a thermochemical process such as pyrolysis, an exhaustive knowledge of a biomass
feedstock is important to the process design, feasibility, evaluation and scaling for industrial processes
[13, 18]. The kinetic methods for the analysis of biomass and their relative advantages and disadvantages
were discussed by Cai et al. [17]. They also establish from their search of the web of science that there
is a growing trend in the research on the thermo-gravimetric analysis of biomass [17]. Their research
highlighted the significance of Thermogravimetry in the study of biomass to energy conversion
processes.

As the technology advances, several TGA models have emerged with different capability and several
others can be used in conjunction with some measuring equipment such as Spectrometer, Infrared [9,
19, 20] and so on. TGA can be used as an effective tool to carry out the proximate analysis of solid fuels
[21]. The main components of a TG analyser are: sample pan or crucible and furnace, balance,
temperature measurement and control unit, environmental control unit, recording system [22, 23]. A
precision balance supports the crucible. The crucible is placed in a furnace under a controlled heating
condition and temperature. This implies that the physical and chemical properties of biomass, in this
case, are continuously recorded. Thermal analysis involves several techniques, which are differentiated
by the properties, which can be measured, though several of these properties can be measured at the
same time. Figure 1 shows techniques and the properties, which can be measured. The performance of
the TGA can be further enhanced to detect and identify the gas evolved from the sample in a time-space
by Evolved gas analysis (EGA) based on mass spectroscopy and Infrared method [20, 24]. EGA is a
method whereby the characteristics or the amount of gas given off from a material is detected as a
function of controlled temperature. Indeed, characterisation of biomass using thermo-gravimetric
analysis (TGA) and other thermal analytical technique has opened another page in the anal of biomass
characterization. Table 1 shows different thermal analytical methods with the properties, which can be
measured with the methods. Some of these methods can be combined to obtain more robust results.

Table 1: Thermal analysis technique and their measured properties|3]

S/N  Thermal analytical methods Measured properties
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Thermogravimetry analysis
(TGA)

Differential scanning
calorimetry (DSC)

Pressurized TGA (PTGA

Thermo-mechanical analysis
(TMA)

Dilatometry (DIL)

Differential thermal analysis
(DTA)

Evolved gas analysis (EGA)

Combined methods

It records the weight change at a controlled temperature.

Measure the heat difference between the sample and the reference.

It records the mass changes as a function of a pressure.

Deformations and dimension

Volume

Temperature difference: It accounts for the temperature difference between the
sample and the inert reference at a controlled temperature.

Gaseous decomposition products

Can measure a combination of properties

The standard testing procedure was described in ASTM as follows[4]:

ASTM Test Methods Using TG Analysis

ASTM D2584 — Standard Test Method for Ignition Loss of Cured Reinforced Resins

ASTM E1131 — Standard Test Method for Compositional Analysis by Thermogravimetry
ASTM E1641 — Standard Test Method for Decomposition Kinetics by Thermogravimetry Using

the Ozawa/Flynn/Wall Method

ASTM E2008 — Standard Test Method for Volatility Rate by Thermogravimetry

1.1 Basic interpretation of TGA curves

Based on the shapes of the curve, TG can be classified into seven as shown in Table 2 [14, 27]. These
classifications have been christened with different names depending on the research area and nature of
the sample to which TG is applied [28, 29]. For instance, in the TG analysis of corn stover, which was
conducted by Ajay et al. [2], three stages of thermal decomposition were identified. These are
Dehydration stage, Active pyrolysis stage, and Passive pyrolysis stage.

Table 2: classification of TG based on the shapes of curves

Classification Feature

Shape Description

No change

The mass of a
1 substance remains
constant over the
entire temperature
range. This means
the equipment
temperature range is
less than the
cracking
temperature of the
substance.
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2 Desorption/rerun

3 Single stage
cracking

4 Multistage
cracking

5 Unresolved
multistage
cracking.

6 Atmospheric
reaction

7 Multiple
reactions

f

B e,

lemperature —

Enormous  weight
loss followed by a
mass plateau. In
plateau, the mass is
essentially constant.
In the absence of
reactive atmosphere
in the chamber, the
class 2 curve will
change to class 1.

This curve typifies a
single stage
cracking with an
initial temperature
where a cumulative

mass change
reaches a detectable
size for

thermobalance and
final  temperature
where the
cumulative mass
change reaches a
maximum value.

Various  reactions
are resolved at this
stage. The reaction
interval is  the
temperature  range
between initial and
final value.

It is similar to a
multistage cracking
stage, but it may be
due to rapid heating
or  absence of
intermediate
reaction.

Presence of reactive
environment leads
to increase in
weight.

The  atmospheric
reaction followed by
high-temperature
decomposition  of
reaction product.
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2. Factors affecting the thermo-gravimetric analysis of Biomass

Several factors may affect the information, which could be obtained from TG; Experimental
investigation of most of these factors have been previously reported in several studies [17, 30, 31]. These
factors to a greater or less extent may influence the shape, reproducibility or correctness of thermo-
gravimetric curve for a particular compound or mixture [30]. Changing the experimental conditions may
significantly affect the product obtained in TGA [32]. These factors need to be kept in mind to
accomplish a reproducible TGA result [10, 33, 34]. They are at this moment briefly discussed:

2.1. Heating rate

The heating rate can be defined as the rate at which the temperature increases in degrees per minute
based on the Celsius or Kelvin temperature scale. If the temperature or time curve of a sample is linear,
then the heating or cooling rate is said to be constant [35]. The heating rate is an instrumental factor,
and it has a severe effect on the pyrolysis process. Newkirk [36] has proved that when a sample is heated
at a slower rate, the extent of decomposition is more significant than when it is heated at a higher rate
at any given temperature. The rate at which the sample is heated is very vital when considering a case
of slow or complex reactions. Fast heating rates shift the reactions to higher temperatures [37]. The
importance of heating rate has triggered several researchers to investigate its effect on the dynamics of
various biomasses [8, 33, 38-40]. For instance, the products of pyrolysis are gases, liquid and solid. But,
when the temperature and the heating conditions are changed, the nature of the products, which can be
obtained, is changed. At the low heating temperature and heating rate, maximum solid formation is
achieved, but high temperature and heating rate yields maximum gas formation. Increasing the heating
rate and gas flow promoted the thermal decomposition in a corncob and also increase loss in weight
[33], but a proportionate amount of solid, gas and liquid are obtained at intermediate temperature and
heating rates [41].

2.2. Type of Sample and sizes

It has been established that some materials show changes in composition and crystal structure after fine
grinding [37]. A particle with a low ratio of surface area to weight will react more slowly when compared
with a biomass sample of equal mass but of finer particle size. Particle size distribution and packing
density are not very easy to reproduce. Therefore, particular attention must be paid to their investigation.
[10]. Particle size can be a vital parameter, which may influence the process rate. Generally, it has been
suggested that an increase in particle size causes temperature gradients inside the particle such that at a
given time the core temperature is lower than that at the surface [42]. Some researchers have also proven
that the particle size does not have significant influence within certain particle diameter [32, 42, 43].
Effect of particle size was investigated by Erika et al. [44]. They observed that grinding of some energy
crops resulted in higher peak maxima [44] and they equally advised that only particles of equal sizes
should be compared in relation to thermal characteristics. There are three ways in which the thermo-
gravimetric curve can be influenced with regards to sample size. The weight of the sample will cause
the temperature to deviate from its linear rise, the degree of diffusion through the pores around the solid
particles will be somewhat governed by the bulk of the material in the crucible and the likelihood of
uneven temperature distribution in the sample [12, 32, 33, 45].

A TGA method was applied to various materials prepared from commercially available Refuse
Derived Fuel, RDF using a variety of procedures. Applicability of TGA method to the determination of
the renewable content of RDF was considered. Cryogenic ball milling was found to be an effective
means of preparing RDF samples for TGA [45] Also, it was advised that a small weight and uniform
biomass sample should be considered to mitigate the effects such as non-uniform temperature
distribution, product decomposition and so on [37]. Other properties such as thermal conductivity,
thermal capacity, packing density of particles, sample expansion and shrinking, sample mass, crystal
structure [46] affect the characteristics of biomass samples.
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2.3. Experimental Atmosphere

The nature and the pressure at the environment of a sample have a notable effect on the decomposition
temperature of a biomass [30, 37, 45]. The atmosphere may or may not take part in a reaction. In the
case where the atmosphere does not take part in the reaction, the inert gas such as nitrogen is used to
remove the gaseous products from the vicinity of a sample [10, 47]. This will ensure that the
experimental atmosphere is kept constant as possible throughout the process and to prevent a reaction
between the biomass sample and air [10]. In some other cases, the atmosphere may be considered in the
process [10, 12, 37, 44]. The comparative study of the effect of the atmosphere on the thermal properties
of biomass has been carried out by some researchers, which include [12, 34, 44, 48, 49]. The steepness
of a TG slope was shown to be affected by the experimental environment [33].

2.4. Gasflow rate

At the pyrolysis reaction zone, the resident time of gaseous products is intimately related to the carrier
gas flow rate [50]. Therefore, the residence time of a product decreases with an increase in gas flow.
Gaseous products released from the pyrolytic process could be streamed away from the pyrolytic region
at a high gas flow rate, thereby accelerating the thermal cracking of biomass [33]. Also, in a gas phase
of pyrolysis, a certain threshold of the gas flow rate may be enough to mitigate the potential differences,
which could be the consequence of external heat and mass transfer [43].

All the factors which have been discussed above were investigated by Yao et al. [33] for a corncob.
While they reported that the gas flow rate does not have any significant effect on the thermal
decomposition, they asserted the prominent role of heating rate on the thermal decomposition and also
underline the significance of particle size which is only within a certain threshold of particle diameter
[33]. However, the effect of blending and contamination was not investigated, since it was not within
the scope of their article.

3. Merits of Thermogravimetric analysis of biomass
TGA has proven to be very important in a lot of analytical processes, which also include biomass
characterization. The merits of TGA are outlined below [5-8].
e [t requires less time and expenses.
e A relatively small dataset is required.
e The weight loss is progressively recorded as a function of time or temperature. This ensures the
uniformity of the procedure over the entire study.
e The various kinds of kinetic parameters are clearly indicated since a single sample is analysed
over the entire temperature range.
e It can be used in the analysis of all sort of solids including biomass with minimum procedure in
sample preparation.
e [t requires minimum sample size.
e [t can be easily implemented.
e [t gives good repeatability.

4. Thermogravimetric analysis of biomass.

4.1. Thermal stability

It can be defined as the ability of a substance to maintain unchanged properties when subjected to heating
[14, 53]. Thermal stability means there is no apparent weight loss at the temperature under investigation,
and this gives an indication of the amount of the volatile content in the biomass sample. A thermally
stable biomass sample has less volatile matter. Also, maximum temperature limit is an indication of the
point at which a biomass material begins to decompose [29, 54, 55]. The information about thermal
stability is significant for engineers as they can determine the temperature or temperature ranges at
which substances like alloy, building materials, polymers, biomass fibres, etc. can be used [14, 29].
Materials that are related can be compared at elevated temperatures under the required atmosphere.
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Matheus et al. [56] compared the thermal stability and activation energy of sawdust of different wood
species. Thermal stability of biomass samples can be affected by the experimental environment [49].
Chiang et al. [49] observed that the oxygen environment speeded up the thermal degradation of rice
husk from 600 K, till the end of the decomposition process. Just like polymers, the rate of decomposition
of biomass determines the thermal stability of a sample.

4.2. Oxidative stability analysis

Oxidative stability is a critical issue that affects the commercial utilization of bioenergy. In the
automobile sector, the oxidative stability is a hugely significant characteristic which provides an
estimate of the storage life of biodiesel [57]. Several authors have investigated the oxidative stability of
biomass [57-60]. Some of the factors which affect the oxidative stability are; Structures, external
conditions, storage material or impurities. Kumar [57] highlighted the effects of oxidized biodiesel as
follows; Inability to provide lubrication [58], lower CO emission and higher NOx emission, and change
in quality. When a fuel product is degraded by oxidation, the quality of the fuel products that are yielded
may be impaired and may retard engine efficiency [61]. While oxidative stability could be a
disadvantage in some biomass application, it has been found to be of help in some others [57, 58].
Therefore, the effect of oxidative stability can be investigated by TGA. Weight losses due to oxidation
are the most noticeable losses in TGA [62]. Combustion during TG analysis is identifiable by distinct
effects noticeable on the TGA thermo-grams generated. As an example, Okoroigwe et al. [60]
investigated the oxidation characteristics of some selected biomass of African origin which are palm
kernel shell, African bush mango wood, and shell, African border tree wood to underline the combustion
characteristics and decomposition kinetics of biomass under oxidative conditions. It was reported that
all the samples followed two stages structural decomposition with the most significant weight loss
occurring at an oxidation stage in all the samples.

4.3. Compositional analysis

The traditional compositional analysis tool such as ultimate analysis is time-consuming and cost
ineffective as such they may not meet the immediate demand for industries which are time and profit
driven. Therefore, TG could provide a quick rapid [11] measuring technique. In the process of thermal
decomposition, and with a careful selection of temperature programming and experimental environment,
contaminated biomass or mixtures may be analysed by decomposing or removing their components [63].

5. Applications of Thermogravimetry Analysis

e TGA can be used in the characterization of materials through the evaluation of degradation
pattern and formulation of reaction kinetics[9]. The knowledge of the controlling chemistry or
predictive studies would give room to different kinds of techniques which can be used to
evaluate the kinetics of weight loss or gain.

e In TGA method for proximate analysis, the moisture content, volatile matter, Ash content and
fixed carbon content are determined[10]. These parameters can be obtained from the weight
loss over time.

e By careful choices of temperature and experimental environment, the composition of complex
mixture can be analysed through decomposition TGA can quantitatively resolve complex
mixtures because of the characteristic thermal decomposition temperature of each component
[11][18][12, 13].

e The structural components of a biomass such as a hemicellulose and alpha cellulose can be
characterised by TG[14].

e Investigation of pyrolysis, combustion and Devolatization processes which are involved in the
conversion of biomass and blends to energy.[15, 16].TGA can be coupled to a spectrometer for
improving the understanding of the thermal decomposition mechanisms and to estimate the
amounts of biogas - such as methane and hydrogen - produced during the pyrolytic process [17,
18][16,17].
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e TGA can be used as a quick assessment tool for waste management [19] while also serving as
a crucial tool for providing information on the thermal and kinetic behaviour of biomass for the
energy recovery and the utilization of sewage sludge, thereby reducing the possible
environmental impact[20].

e TGA may be used to determining water content or the residual solvents in a material.

e [tallows analysis of reactions with air, oxygen, or other reactive gases. It can be used to measure
evaporation rates as a function of temperature, such as to measure the volatile emissions of
liquid mixtures. To identify plastics and organic materials by measuring the temperature of bond
scissions in inert atmospheres or of oxidation in air or oxygen.

6. Heating conditions in TGA [3]

In TGA analysis, the biomass weight loss is in different stages depending on the heating conditions of
biomass samples. These stages are also affected by the intrinsic properties of the biomass sample [1, 33].
Figure 1 is an example of TGA curve indicating the effect of gas flow rate and heating rate on the mass
fraction. The heating conditions in TGA can be broadly classified into three [25]. They are briefly
described below.

0 T HeatingRate
W s
o i g
g 01 - - PNE i £
E 50 | e PINE 28 50K ; f
% = = == PINE33(100K/mi) S :
S
13 PINE 34 (200K min) A
X Tgniﬂperamre.ﬁﬂf:} - =

Figure 1:Weight loss versus temperature at different gas flow rates[1, 2]

6.1. Isothermal or Static TGA

In this case, a sample is maintained at a constant temperature for a period during which change in weight
is recorded [25]. The conversion time is the sole variable of interest in several cases. For example, in
thermochemical conversion of wood [27]. In fact, given the thick particles and slow external heat
transfer rates, devolatilization conditions are comparable with those of thermal analysis and the
corresponding product yields remain almost constant.

6.2. Quasi-static TGA

Quasi-static process can be briefly described as a process that occurs in a slow manner such that the
system can be assumed to remain in internal equilibrium. In this technique, the sample is heated to a
constant weight at each of a series of increasing temperature [14].

6.3. Dynamic TGA

It is also called isobaric TGA. In this type of analysis, the sample is subjected to a condition of a
continuous increase in temperature at a constant heating rate. Therefore, the rise in temperature shows
a linear relationship with time [33].

7. Basic principles of thermogravimetric analysis

Thermogravimetry analyser measures the change in weight of a sample depending on time or
temperature in a given environment which could be inert or oxidative [53] and at a controlled rate.
Chemical changes occurring in an oxidative atmosphere provide useful information regarding
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characterization of the sample. The weight variation of samples is recorded as a function of temperature
or time. Depending on the heating condition, the heating rate or gas flow is varied while temperature
changes at a constant rate for a known initial mass of the substance and the variation in mass are recorded
as a function of temperature within a specified time interval. The graphical representation of the mass
change versus time is known as thermography [9]. For some types of TGA, gas flow into the furnace
atmosphere is controlled by a computer-based program. Different setting is available for different types
of analysis [19, 23].

8. Matter arising from thermogravimetric analysis of biomass.

8.1. Uncertainty analysis of biomass thermal properties.

Statistical analysis of the sampling error or uncertainty associated with the sampling and properties
measured in a TG analysis is very crucial in an application where precision is important [71]. Also,
uncertainty analysis could help in determining the propagation of error in the sampling procedure [71-
73]. Although biomass fuels are heterogeneous materials, with an appropriate sampling procedure, the
experimental error associated with different properties, can be considerably sized down. Pazo et al. [74]
show that sample variance cannot accurately quantify error levels. The statistical uncertainty associated
with this property needs to be determined for errors to be quantified precisely. It can be concluded that
a well-planned sampling and uncertainty analysis can assist in the extrapolation of the biomass
properties notwithstanding their non-uniformity [73].

8.2. Previous research on the thermogravimetry

The characteristics of several biomass samples have been investigated for various purposes such as
combustion, thermochemical conversion [2, 8, 9, 20, 24, 28, 29, 38, 48, 75]. Table 3 shows some
biomass resources, which have been investigated to establish their thermal characteristics under the
different experimental conditions that apply to TGA. The variables which were commonly investigated
in this review are; the experimental atmosphere, the heating rate, the particle size, heating condition, gas
flow rate and the uncertainties in biomass sampling and thermal properties obtained from TGA.

Table 3: Experimental characterisation of Biomass by TGA

Auth Biomass Particl Experimental Heating Heating Gas flow Properties Temperature(K) Uncertaint
or sample e atmosphere rate[K/m conditio rate[cm3/m investigated ies and
size[p in] ns in] Ignition Burn out error
m]
[16] Feedlot 420- Dry Nitrogen 40 and Dynami 50 and 150 Devolatizati - - Not
manure 840 160 c on discussed
88-125
37-44
[21] Swine 1000 Nitrogen 20,30,40 Dynami 30 Devolatizati 250 420 Not
manure cs on discussed
. and
Nitrogen 105 Isotherm
al
Air
[22] Hazelnut <250 Air 10,20,30 Dynami 50 Reaction 350,371,395 443,458,498 No
cs region and discussed
kinetics
23] Primary 105- Oxygen 6,12,24,3 Dynami 100 Combustion 479,481,487,490 1009,1034,1067,107 Not
mill 210 0 c 7 discussed
sludge
Secondar 105- Oxygen 6,12,24,3 Dynami 100 Combustion 465.475,480,485 975,995,1030,1030 Not
y mill 210 0 c discussed
sludge
[15] Miscanth 200- Oxygen 40 Dynami 2 Combustion 230 330 Not
us 400 c discussed
Miscanth 200- Argon 40 Dynami 20 Pyrolysis 250 370 Not
us 400 c discussed
Miscanth 200- steam 40 Dynami 6g/h Pyrolysis 815 1000 Not
us 400 c discussed
Miscanth 200- Steam+Oxygen 40 Dynami 50 Gasification 800 900 Not
us 400 +Air c discussed
Sewage 100 Steam+Oxygen 40 Dynami 50 Gasification 800 940 Not
sludge +Air c discussed
Sewage 100 Oxygen 40 Dynami 2 Combustion 200 310 Not
Sludge c discussed
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Sewage 100 Steam 40 Dynami 6kg/h Gasification 800 940 Not
+Sludge c discussed
Sewage 100 Argon 40 Dynami 20 Pyrolysis 220 375 Not
c discussed
18] Cypress 250- Air 5,10,15,2 Dynami 20 Combustion 200 334 Only R?
wood 350 0 c was stated
chips
Macada 250- Air 5,10,15,2 Dynami 20 Combustion 200 328 Only R?
mia nut 350 0 c was stated
shells
[24] Pine nut 30 Nitrogen 0.001-50 Isotherm 45 Combustion - - 0.721
shells al
Hazelnut Isotherm 45 Combustion
shells al
Poplar
pellets
Brassica
pellet
125] Olive 440- Nitrogen Not stated Isotherm 200 Pyrolysis - - Not
Grape 2000 al discussed
bagasse
[26] Palm oils 150- Nitrogen 0.1-20 Isotherm 40-120 Pyrolysis 230,250,260,280,29 280,300,310,330,35 Coefficient
shell 850 al 0,295 0,350 of
waste correlation
Palm oil 125- was
fibre 150 determined
waste at
Empty 125- maximum
fruit 1000 value of
bunches 0.9969
[13] Napier 200- Nitrogen 10 Isotherm 20 Pyrolysis 478 600 R?=0.988-
grass 2000 al 0.996
127] Eucalypt Nitrogen 10 Isotherm 50 160 374 Not given
us al 105 540
grandis Alr
28] Tectona 420- Nitrogen 20 Isotherm 100 Combustion 250 400 Not given
grandis 4000 al
1] Pine - Nitrogen 20-200 Dynami 20-50 Pyrolysis - - Not
cs discussed
[29] Bamboo Nitrogen 20,100,20 Isotherm 20 Pyrolysis 250 400 Not
0 al and discussed
adiabati
c
[30] alder - Nitrogen 5-30 Isotherm 150 Devolatilizat 515 644 Not
Beech al ion 521 645 discussed
Birch 517 645
Oak 510 633
[31] Rice - Air 10 Isotherm 50 Thermal 230 540 Not
husk Nitrogen al decompositi 230 380 discussed
on
132] Rice - Nitrogen, 10% 2,5,10 Isotherm 70 Thermal 450 640 Not
straw Oxygen and Air al decompositi discussed
on
[33] Black <120 Oxygen-argon 20 Isotherm 140 Thermal 249 372 Not
locust mixture (5:21) al decompositi discussed
on
[20] Sewage Nitrogen 10,20,30 Isotherm 100 Thermal 250 360 Not
sludge al decompositi discussed
and on
mixture
[34] MSW - Nitrogen 10 isotherm 150 Pyrolysis of 250-370 325-550 Not
(Plastic, al mixture discussed
cardboar
d, wood,
plastic,
multi-
material)
[35] Pine 595- Nitrogen 5,10,20,4 50 210 400 Not
wood 841 0 discussed
2] Corn 443 Nitrogen 10,30,50 Isotherm 40 Pyrolysis 110,135,140 420,435,470 Not
Stover Air al 115,135,130 400,410,430 discussed
[36] Corncob 74-450 Helium 5,10,20 Dynami 10 Influence of 100 600 R?=0.99
cs heating rate
30 Isotherm 30,60,90 Influence of 177.2 347.6 R20.98-
al gas flow 0.99
20 30 Influence of 175.2-182.5 352.6-360.2 R%70.98-
particle 0.99
diameter

8.3. Future Outlook

10



ICAMMT 2018 IOP Publishing
IOP Conf. Series: Materials Science and Engineering 423 (2018) 012175 doi:10.1088/1757-899X/423/1/012175

As previously highlighted by these authors, a detailed understanding of the contribution of biomass
utilization to the emission of Green House Gas (GHG) is very vital. Therefore, TGA can help in this
regard. Although the contribution of biomass samples to GHG may not be significant at the experimental
level, the cumulative impact of this may be so substantial in the case of industrial utilization.

Also, only a few journals reported the uncertainties of their thermal analysis and sampling methods,
and this may call the reliability of the result to question. Therefore, it is suggested that the uncertainty
analysis should be included in the thermal analytical results. In all biomass analysis, sample error should
be made to be part of the standard experimental procedure.

The evaluation of thermal behaviour as well as kinetic studies of the decomposition of biomass and
its mixture can give a better insight into the biomass energy utilization while opening a new frontier on
environmental issues. Further investigation is still needed on the thermo-gravimetric analysis of biomass
mixture and contaminated biomass since their thermal decomposition, and other characteristics which
are investigated by TGA may not behave in the same manner as a single component sample. The factors,
such as; the particle size, heating rate, gas flow rate, the experimental atmosphere should be investigated
for biomass mixture, this would provide more robust information on the combustion characteristics of
the samples and also validate few existing results on biomass mixtures.

9. Conclusion

The enormous information, which can be obtained from TGA would provide a fast, accurate and
efficient means to determine the utilization of a biomass sample or mixture. TGA has been used in
combination with other analytical methods, and this has enhanced the understanding of biomass
properties. The uncertainty analysis of a biomass sample is very vital in industrial application. Also,
more detailed knowledge of the characteristics of contaminated biomass and biomass mixture using
TGA is very crucial. These would eventually lead to a robust modelling tool, which can be used to
determine the utilization of biomass irrespective of nature.
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