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ABSTRACT ARTICLE HISTORY

Coal fires are widespread in the coal-major producing countries, which Received 12 June 2020
causes serious environmental issues due to the high temperature and Revised 18 July 2020
hazardous gases during coal combustion. Under oxygen-depleted Accepted 12 August 2020
atmospheres, the thermal behaviors and kinetic characteristics during KEYWORDS

coal combustion at high temperatures were paid more attention by the High temperature; oxygen—
method of TG-DSC synchronous thermal analysis. The results indicate limited atmosphere; heat
that the focused weightlessness and heat release processes became release; kinetic mode; critical
scattered under oxygen-depleted atmospheres, and the influence of oxygen concentrations
oxygen concentration obviously increased when it was below 13 vol.%.

The mass presented a linear correlation to the quantity of heat release,

and the relationship between the mass and quantity of heat release

showed stage characteristics with oxygen concentration. Moreover, the

kinetic modes transformed from random nucleation and subsequent

growth to contractive sphere, and the critical oxygen concentrations are

consistent to these of thermal behaviors. These findings are significant

for better understanding the characteristics of coal spontaneous com-

bustion at high-temperature and under low-oxygen concentrations.

Introduction

In recent years, although the renewable energy has attracted the people’s attention, fossil
resources still occupied the dominant position in the energy structure (Heryadi and
Hartono 2016; Paramati, Mo, Gupta 2017). Coal is one of the most important fossil
resources, as well as the vital raw material during industrial production, such as electricity,
chemistry, and steel (Avila, Wu, Lester 2014; Saini, Gupta, Arora 2016; Stracher and Taylor
2004). However, coal spontaneous combustion happened all over the world which may
result in large-scale coalmine and coalfield fires, such as Northern China, Pennsylvania in
the USA, and Bihar in India (Stracher and Taylor 2004). The coal fires disasters threaten the
local environment and destroy numerous coal resources (Cheng et al. 2017; Civeira et al.
2016; Li et al. 2020b; Liang, Liang, Zhu 2014; Ren et al. 2019b; Zeng, Dong, Zhao 2018).To
prevent and control the coal fires, many scholars have paid much attention to the char-
acteristics of coal spontaneous combustion. For instance, as the essential role on the heat
transfer during coal spontaneous combustion at the initial stage, the temperature depen-
dence of thermophysical parameters are obtained by Ren et al. (2020). Song et al. (2019;
2020) used simulation experiment to study the carbon emission and the airflow driven by
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thermal buoyancy of underground coal fire. The self-ignition of coal had been physically
simulated by large-scale furnace, and the temperature variation, gases emission, and heat
release were investigated (Chen et al. 2018; Deng et al. 2015; Wang et al. 2020b; Xiao et al.
2018), and Wang et al. (2018)developed an evaluation index based on oxygen consumption
and gases emission to assess the status of coal spontaneous combustion. Han et al. (2018)
and Li et al. (2020a) analyzed the gaseous products during pyrolysis/combustion of coal, as
well as the apparent activation energy. Zhang et al. (2017) paid attention to the ignition
behaviors of coal char. They found that the ignition occurs in a region and analyzed the
minimum temperature. Li et al. (2019b) studied the transformation of kinetic mode and the
kinetic compensation effect during coal spontaneous combustion. Moreover, researchers
also explored the evolution of coal structures to reveal the essential causes of coal sponta-
neous combustion (Wang et al. 2020a, 2020c; Xu 2017; Xu et al. 2018; Zhou et al. 2017).

Oxygen is one of the necessary conditions to initiate the coal spontaneous combus-
tion. Actually, most of the coal spontaneous combustion occurs under oxygen-depleted
atmosphere due to the redundant coal and limited air supply. The studies about the
characteristics of coal spontaneous combustion under low oxygen atmospheres have
been published. Characteristic temperature is one of the important indexes to balance
coal spontaneous combustion. Qi et al. (2017) determined seven characteristic tempera-
tures of coal spontaneous combustion based on the mass variation, and analyzed the
variation of these temperatures when reducing oxygen concentration. Wen et al. (2017a)
found the similar tendency of characteristic temperatures with oxygen concentration,
and analyzed the combustion properties of coal under low oxygen atmosphere. Su et al.
(2017) and Li et al. (2019a), respectively, focused on the gaseous products of coal
oxidation below 190 and 500 °C, and they investigated the oxygen consumption, gas
generation, and gas ratio under various oxygen concentrations, which was beneficial for
the risk determination of coal spontaneous combustion by the gas indexes. Moreover,
Liu et al. (2018) analyzed the gas emissions throughout the whole process of coal
spontaneous combustion by running TG-FTIR (Fourier transform infrared) experiments
under oxygen-depleted atmospheres. In the view of the occurrence of coal spontaneous
combustion, Ren et al. (2019a) and Qi et al. (2015) paid attention to the heat release of
coal during low-temperature oxidation and under various oxygen concentrations, based
on which the kinetic parameters were analyzed. Furthermore, Ma et al. (2019) explored
the distribution of functional groups in coal after oxidized under different oxygen
concentrations. In addition, Cong et al. (2019) selected 12 vol.% oxygen as a low oxygen
atmosphere, under which the influences of particle sizes on the characteristic tempera-
tures and kinetics were researched.

It could be observed that characteristic temperatures, heat release, gaseous products, and
kinetics of coal spontaneous combustion under low oxygen atmospheres had been inves-
tigated by scholars, and the further studies are still going on. This paper paid much
attention to the coal combustion at high temperatures under various oxygen concentra-
tions. The influence of oxygen concentration on the focused weightlessness and heat release
processes were analyzed, as well as the relationship between the mass variation and heat
release. Furthermore, the transformation of kinetic modes with oxygen concentration was
investigated. These results could enrich the previous studies, and were beneficial for further
understanding of coal spontaneous combustion.
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Experimental sections
Coal samples

Two coal samples, which were collected from Wangjialing coalmine in Shanxi province and
Xinglongzhuang coalmine in Shandong province, China, were used to conduct synchro-
nous thermal analysis (TG-DSC) tests. After the coal blocks were crushed into pieces, coal
samples with particle size of 160-180 meshes were selected. The proximate analyzes of the
two samples are listed in Table 1.

Equipment and conditions

The thermal analyzer employed to conduct the tests was STA449F3 (Netzsch, Germany). For
each test, approximately 10 mg of coal samples were weighed to put in the sample chamber.
The gases supplied during the tests were oxygen—-nitrogen mixtures with 5, 9, 13, 17, and 21
vol.% oxygen concentration. The flow rate was constant 100 ml/min. For any atmosphere
mentioned above, the temperature was heated from 303 to 1223 K and run 3 times under 5,
10, 15 K/min, respectively.

Thermal behaviors
Coal combustion at high temperatures

TG and DSC curves indicate the levels of coal mass and heat flow at different temperatures
of coal combustion, while DTG curves describe the change rate of coal mass. Taking the
thermal analysis curves under 5 K/min heating rate as an example, the TG, DTG, and DSC
curves under different oxygen concentrations for the two coal samples are shown in Figures
1 and 2.

Figure 1 indicates that under various oxygen concentrations, the TG curves for the whole
process of coal oxidation and combustion were similar. At the beginning of coal oxidation,
the mass of coal slightly increased and approached to the first maximum in a short period.
Then, the mass of coal decreased until the first minimum. This process was related to
physical adsorption/desorption of coal to gases and the evaporation of moisture, while the
intensity of coal oxidation was very weak.

When exceeding the temperature corresponding to the first minimum, the number of
activated functional groups increased, causing increased reaction intensity of coal and
oxygen. The mass of coal increased until the second maximum because the chemical
adsorption of coal to oxygen occupied the dominant. Subsequently, the mass of coal rapidly
decreased until the combustible materials in coal were completely consumed. During this
process, the mass loss of coal was caused by the numerous released gases which were much
more than the adsorbed oxygen. Some researchers considered the temperature correspond-
ing to the second maximum as the ignition temperature (Deng et al. 2014). Meanwhile, the

Table 1. Proximate analyzes of the two coal samples (wt.%).
Sample Rank Moisture Ash Volatile Fixed Carbon

Coal A Gas coal 2.45 8.85 33.42 55.28
Coal B Meager-lean coal 0.74 10.49 15.61 73.16
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Figure 1. TG and DTG curves for the two coal samples under various oxygen concentrations (5 K/min).

burnout temperature was selected as the temperature when the mass loss of coal accounted
for the 98% of the total mass loss (Zhang et al. 2013). In this work, this process was paid
attention. The boundary temperatures under various oxygen concentrations are listed in
Table 2.



COMBUSTION SCIENCE AND TECHNOLOGY e 5

—— 5vol.%
—— 9vol.%
6F ——13vol%
—v— 17 vol.%
—+—21 vol.%

DSC (mW/mg)

-15 1 1 1 1
300 400 500 600 700 800 900 1000

T(K)

(a) coal A

2

2k

—=— 5vol.%
—e— 9vol.%
—4— 13 vol.%
—v— 17 vol.%
—+—21vol.%

6|

DSC (mW/mg)

-14 1 1 1 1
300 400 500 600 700 800 900 1000

(b) coal B

Figure 2. DSC curves for the two coal samples under various oxygen concentrations (5 K/min).

For DSC curves in Figure 2, it appeared to endothermic behavior at the beginning of coal
oxidation. This was because that under the temperature-programmed condition, the
temperature of environment increased more quickly than that of coal. The external energy
was higher than that from coal oxidation. In addition, the evaporation of moisture con-
sumed certain energy. However, it could be observed that the DSC level at endothermic
phase decreased, indicating that the heat release from coal oxidation increased. When the
energy from coal oxidation exceeded that of the external environment, it appeared to be
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Table 2. Temperatures and the scopes for the coal combustion stage of the two coal samples under 5 K/
min heating rate.

Co> (vol.%)
Coal sample Temperature (K) 5 9 13 17 21
Coal A T 581.37 576.52 575.55 573.73 571.07
T, 907.48 868.53 848.61 836.03 827.10
AT 326.11 292.01 273.06 2623 256.03
Coal B T 637.43 630.90 629.53 620.92 615.30
T, 958.93 906.74 884.87 870.91 859.94
AT 321.50 275.84 255.34 249.99 244.64

exothermic behavior. Especially, when entering the coal combustion stage, the DSC level
(absolute value) rapidly increased.

Mass loss under oxygen-limited atmospheres

Table 2 lists that the all of T}, T, and AT in lower oxygen concentration were higher than
those in air. The increased T, indicated that the main oxidation process of coal was
lengthened and combustion process of coal was delayed under oxygen-limited atmospheres.
In oxygen-limited atmospheres, the reaction intensity between coal and oxygen was limited.
This could be observed from DTG curves that the level (absolute value) was lower at the
same temperature. However, the combustion of coal required sufficient energy. The inten-
sity of coal-oxygen reaction in oxygen-limited atmosphere was lower than that in air,
resulting in slower less released energy. Then, the coal combustion was delayed. From the
point of AT, the increasing tendency showed that the scope of coal combustion was
extended under oxygen-limited atmosphere and the reaction between coal and oxygen
was further inhibited. This was because during coal combustion at high temperature, the
reaction intensity of coal and oxygen was much higher than that below T;. At this time, the
dependence of coal combustion on oxygen supply was strengthened due to the redundant
active functional groups. Under these effects, the whole process of coal oxidation and
combustion must be lengthened, resulting in the increase of T,. At the same time, the
lower the oxygen concentration was, the higher the T}, T,, and AT were. This was because
the limitation was strengthened with the decrease of oxygen concentration.

Heat release vs. weightlessness

The consumption of coal was coupled with heat release. There existed a certain correlation
between the variation in the mass and quantity of heat release. However, the decrease in the
oxygen concentration limited the coal-oxygen reaction, and even caused the change of the
reaction mode. This might result in the change of the relationship between the quantity of
heat release and mass. The relationship between the quantity of heat release and mass when
the conversion rate changed from 0.1 to 0.9 for the two coal samples are graphed in Figure 3.

With the decrease in the mass, the quantity of heat release increased, and the mass
showed a linear correlation to the quantity of heat release. The slope indicated the variation
rate of the heat release quantity with mass, while the intercept indicated the quantity of heat
release when the coal was totally consumed. Figure 3 shows that with the increase of oxygen
concentration, the absolute values of the slopes for coal A increased, while these for coal
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Figure 3. Relationship between the quantity of heat release and mass for the two coal samples.

B also presented a slight increasing tendency though the slopes changed little. Meanwhile,
the intercepts for the two coal samples obviously increased with the increase of oxygen
concentration. The results indicated that both of the quantity of heat release when con-
suming per milligram coal sample and total quantity when consuming all the combustible
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materials decreased under oxygen—depleted atmosphere. On the one hand, the coal-oxygen
reaction was inhibited under oxygen-limited atmosphere, resulting in the increased incom-
plete oxidized products; on the other hand, the thermal decomposition of coal was intensi-
fied, which may adsorb the thermal energy. Then, the quantity and rate of heat release were
limited.

Moreover, the influence of oxygen concentration on the relationship between mass and
quantity of heat release showed stage characteristics with oxygen concentration. Taking coal
A as an example, it could be divided into three stages by taking 17 and 9 vol.% oxygen
concentration as boundaries. Within 17-21 vol.% as well as 9-13 vol.%, the fitting curves
changed little. The fitting curve obviously moved downward when the oxygen concentra-
tion decreased from 17 to 13 vol.% as well as from 9 to 5 vol.%. Therefore, it was considered
that the reaction mode for coal A might have changed when the oxygen concentration was
in the ranges of 13-17 vol.% and 5-9 vol.%. Similarly, the critical oxygen concentrations for
coal B were in the ranges of 9-13vol.% and 5-9 vol.%.

Focused weightlessness and heat release processes

Figures 1 and 2 indicate that the focused weightlessness and heat release occurred at this
stage. Any reaction process involves the start and end stages. Certain errors existed although
the boundary temperatures for the stage of coal combustion were determined based on the
previous studies. At this time, the peak width at half the maximum could be accurately
determined by the maximum of the peak, which could also be used to reflect the scope of
chemical action that causing the peak. Therefore, the focused level was characterized by the
peak width at half the maximum of the DTG and DSC curves. The ratios of which to that
under 21 vol.% oxygen concentration were calculated, as illustrated in Figures 4 and 5.
When the ratio becomes higher, the processes of weightlessness and heat release tend to be
more scattered.

It could be observed that the variation in the ratios of the peak width at half the
maximum of the DSC and DTG curves presented the similar tendency, both of which
increased under oxygen-depleted atmosphere. The relationship between the ratio and
oxygen concentration was fitted by the allometric model, the correlation degrees of which
were more than 0.99. Therefore, the model was considered applicable to describe the
relationship between the ratio and oxygen concentration.

The results indicated that the processes of weightlessness and heat release became
scattered under oxygen-depleted atmospheres. Reducing oxygen concentration resulted
in the weakened oxygen supply, causing that the consumption of functional groups were
limited. Because of the different activity, the competitive reaction was strengthened.
Namely, the functional groups at a certain temperature competed with each other to react
with oxygen. They tended to be consumed step by step in the decreasing order of activity.
The coal-oxygen reaction lasted for a longtime. Therefore, the focused level of the heat
release and weightlessness processes was weakened, while the maximums for the rate of heat
release and mass loss decreased. Moreover, from the perspective of the variation rate of the
ratio, reducing the oxygen concentration resulted in more obvious increment in the ratio
when the oxygen concentration was 13 vol.%, as shown in Figures 4 and 5. This indicated
that the focused level of the weightlessness and heat release processes was obviously
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Figure 4. Ratio of the peak width at half the maximum of the DSC curves.

weakened. Then, 13 vol.% was considered as the critical oxygen concentration that influen-
cing the focused weightlessness and heat release processes.

Kinetic characteristics

Transformation of kineticmode

When determining the kinetic mode, Popescu and Malek methods were adopted, as shown
in Equations (1) and (2) (Hu et al. 2008). Firstly, by the Popescu method, the kinetic mode
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Figure 5. Ratio of the peak width at half the maximum of the DTG curves.

was preliminarily selected when the linear correlation between G(«);; and 1/ was more than
0.99 and the intercept was less than 0.10. Secondly, the Malek method was used for further
determination of the kinetic mode by selecting the kinetic mode when the theoretical values
were the closest to the measured values. The commonly used kinetic mode and its corre-
sponding function (Hu et al. 2008) are listed in Table 3.
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When determining the kinetic mode in this study, the temperatures corresponding to
conversions with the interval of 0.02 for 0.02 to 0.98 were selected. Based on Equation (3),
the my could be obtained, and the corresponding temperature could be determined based
on TG curve.

_ my — My

= (3)

m; — mp

Taking coal A as an example, the results under various oxygen concentrations are shown
in Figure 6. Taking the results under 21 vol.% oxygen concentration as an example,
functions 8, 16, 25, and 27-31 were paid attention based on Popescu method. Then, the
tested and theoretical values for y(«) were calculated by Malek method. It was found that the
tested values were the closest to the theoretical values when adopting function 16. Then,
function 16 was considered to be the most reasonable function to indicate the kinetic mode
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Table 3. Commonly used kinetic mode (Hu et al. 2008).

No. Name Mode G(a)
1 Parabola principle  One-dimensional diffusion o
2 Valensi equation Two-dimensional diffusion a+(1-a)n
(1-a
3-4  Jander equation  Two-dimensional diffusion, n = 1/2 and 2, respectively. n-0-a"
5-6 Jander equation Three-dimensional diffusion, n = 1/2 and 2, respectively. n-0-a"r
7 G-B equation Three-dimensional diffusion 1-2a/3 -
a- a)2/3
8 Anti-Jander Three-dimensional diffusion (1+a)"-17
equation
9 Z-L-Tequation Three-dimensional diffusion (1=-a)" =17
10-15 A-E equation Random nucleation and subsequent growth, n = 1/4, 1/3, 2/5, 1/2, 2/3, [In(1 = a)]”
and 3/4, respectively.
16 Mample principle  Random nucleation and subsequent growth. —In(1 - a)
17-20 A-E equation Random nucleation and subsequent growth, n = 3/2, 2, 3, and 4, [=In(1 = a)]”
respectively.
21-26 Power function n=1/4,1/3,1/2,1, 3/2, and 2, respectively. a’
principle
27 Reaction order n=1/4 1-(1-a"
28 Contractive sphere n=1/3 1—-(1-a"
29 Contractive sphere n =3 31 - (1 -a)?]
30 Contractive n=1/72 1-(1-a"?
cylinder
31 Contractive n=2 1= (1-a)"3
cylinder

Note:G-B, Z-L-T, and A-E, are the abbreviations of Ginstling—Brounshtein, Zhuralev-Lesokin-Tempelman, and Avrami-
Erofeev, respectively.

of coal A. Similarly, the kinetic mode and the corresponding function for coals A and
B under various oxygen concentrations were determined, as described in Table 4.

The results show that changing oxygen concentration will not result in the variation in
the kinetic mode until it was reduced to a certain level. For coal A, the kinetic modes
changed when the oxygen concentration varied in the ranges of 17-13 vol.% and 9-5 vol.%.
For coal B, the kinetic modes changed when the oxygen concentration varied in the ranges
of 13-9 vol.% and 9-5 vol.%. Overall, for the two coal samples used in the present study, the
kinetic mode transforms from random nucleation and subsequent growth to contractive
sphere when the oxygen concentration decreased from 21 to 5 vol.%.

Variation of apparent activation energy

Apparent activation energy (E,) could be obtained by Equation (3) (Farrokh, Askari,
Fabritius 2017). The results for the two coal samples are illustrated in Figure 7.

Table 4. Kinetic modes under various oxygen concentrations for the two coal samples.
Kinetic modes

Coal sample  Cp;, (vol. %)  No. Name Mode G(a)

Coal A 21 16 Mample principle Random nucleation and subsequent growth —=In(1 - a)
17 16 Mample principle Random nucleation and subsequent growth —In(1 - a)
13 27  Reaction order n=1/4 1—(1-a™
9 27 Reaction order n=1/4 1-(1-a'
5 28  Contractive sphere n=1/73 1-(1-a)"?

Coal B 21 15  A-E equation n=3/4 [-In(1 — o)
17 15  A-E equation n=3/4 [=In(1 — a)**
13 15  A-E equation n=3/4 [-In(1 — o)
9 27  Reaction order n=1/4 1-a™

'I —
5 28  Contractive sphere n=1/3 1-(1-a"
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Figure 7. E, vs. a for the two coal samples under various oxygen concentrations.
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It was observed that the variation of E, under various oxygen concentrations was
similar to each other. Namely, it first increased and then decreased, which was con-
sistent with the studies. Meanwhile, regardless of the short period at the beginning («
was below 0.1 and 0.12 for coals A and B, respectively), E, decreased with the decrease
of oxygen concentration because under competition, the depleted oxygen atmosphere
limited the weakly active macromolecular structure to react with oxygen. These findings
were agreement with the investigation of Deng et al. (2017).In addition, with the
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Table 5. Kinetic compensation effects under various oxygen concentrations for
the two coal samples.

Coal sample Co> (vol. %) Kinetic compensation effect r

Coal A 21 InA = 0.15476E, _ 2.00548 0.996
17 InA = 0.1567E,-2.45456 0.994
13 InA = 0.16285F,—4.81377 0.998
9 InA = 0.16471E,-5.24113 0.997
5 InA = 0.16708E,-5.54194 0.997

Coal B 21 InA = 0.15705E, _ 3.05031 0.998
17 InA = 0.15566F,-3.13311 0.998
13 InA = 0.15503E,-3.32386 0.998
9 InA = 0.1429E,-4.3573 0.999
5 InA = 0.14807E,-5.0228 0.999

increase of «, the difference in E, between the two adjacent oxygen concentrations
increased, indicating that the limited oxygen concentration inhibited the coal combus-
tion more obviously at high temperatures because of redundant reactive functional
groups.

Kinetic compensation effect

The kinetic compensation effect, as Equation (4), describes the linear relationship
between InA and E,. Taking G(«) in Table 3 into Equation (3), InA was obtained by
the intercept. The relationship between InA and E, for the two coal samples is described
in Table 5.

InA=a-E, +b (5)

Table 5 shows that the relationship between InA and E, indicates the kinetic
compensation effect well during coal combustion at high temperatures and under
various oxygen concentrations. Li et al. (2019b) analyzed the kinetic compensation
effect during coal spontaneous combustion based on transition state theory, which may
be caused by the carbon-oxygen complexes generated from oxygen transfer during the
interaction of coal and oxygen. Moreover, the variation in oxygen concentration
showed little influence on 4, and the values of a for coals A and B slightly changed
near the 0.16122 and 0.151742 (average value). Compared with a, b changed obviously
and decreased with the decrease in oxygen concentration, indicating that the influence
of oxygen concentration on the kinetic compensation effect mainly reflected in b.
Moreover, for coal A, b sharply changed when the oxygen concentration decreased
from 17 to 13 vol.%, while for coal B, b sharply changed when the oxygen concentration
decreased from 13 to 9 vol.%. According to the results in Table 4, the critical oxygen
concentrations were consistent with those when the kinetic mode, especially the corre-
sponding function, obviously changed. Therefore, it was considered that the variation
in kinetic mode caused the variation in kinetic compensation effect because the
mechanism of coal-oxygen reaction might be changed, and the generation of carbon-
oxygen complexes was influenced.
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Conclusions

Coal spontaneous combustion is one of the key reasons that resulting in underground coal
fires. The main weightlessness and heat release processes, relationship between the mass

and

quantity of heat release, and the kinetic mode during coal combustion at high

temperatures were investigated under various oxygen concentrations. The main findings
are listed as follows.

The main weightlessness and heat release processes became scattered under oxygen-—
depleted atmospheres. The lower the oxygen concentration, the weaker the focused
level. Moreover, when dropping to 13 vol.%, the focused level would be obviously
weakened by continuing to reduce the oxygen concentration.

The mass loss of coal was linear correlation to the increment of heat release quantity.
Meanwhile, when the oxygen concentrations decreased from 21 to 5 vol.%, the
relationship between the mass and quantity of heat release could be divided into
three stages and the critical oxygen concentrations were nearby 13 vol.% and 9 vol.%.
The kinetic mode transformed from random nucleation and subsequent growth to
contractive sphere when the oxygen concentration decreased from 21 to 5 vol.%.
The critical oxygen concentrations were consistent to these at which the thermal
behaviors obviously changed. Furthermore, coal combustion at high temperatures
and under various oxygen concentrations presented well kinetic compensation
effect.

Nomenclature
A Pre-exponential factor, min~! T Temperature, K
ab Compensation parameters Tos Temperature at 0.5 conversion, K
Coz Oxygen concentration, vol.% T;  Ignition temperature, K
DSC Differential scanning calorimetry, mW/mg T,  Burnout temperature, K
DTG First-order differential of TG, %/min AT Temperature scope of coal
combustion, K
Euccted 1RRERL Ao on eneray, K/mol nod
fla), G Differential and integral types of mechanistic function, TG Thermogravimetry, mg
(@) f(a) = [dG(a)/da] ™"
k Reaction rate, min™"' t  Time, min
Endstom ful\r/]lgtsi%gt ignition temperature, mg y (a)
m, Mass at burnout temperature, mg
my Mass at a certain temperature, mg Greek symbol
Q Quantity of heat release, J/g a Conversion
R Gas constant, 8.314 x 107> kJ/(mol-K) a;a; Conversions corresponding to T;
andT;
r Fitting degree B Heating rate, K/min
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