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ABSTRACT

Steam drying process of the Low Rank Coals (LRCs) has been conducted to produce coal which is
comparable with the High Rank Coal (HRC). Characterization of the raw and dried coals was carried out
through proximate, ultimate, calorific value, Fourier Transform Infrared (FTIR) spectroscopy and Thermo
Gravimetry-Differential Thermal Analysis (TG-DTA) to study the combustion behavior of the coals. This
study used Indonesian low rank coals coming from Tabang (TKK coal) and Samurangau (SP coal), East
Kalimantan. The results indicate that the calorific value of the dried coals increases significantly due to
the decrease in moisture content of the coal. The FTIR spectrums show that the methylene-ethylene
(RcrscHz) and aromaticity-aliphaticity ratios (Raral) of the dried coals increased while the ratio of Rcoyar
decreased which reflect that the rank of the coals increased equivalent to the high rank coal (bituminous).
Meanwhile, the TG-DTA indicates that the ignition temperature (Tig) and combustion rate (Rmax) of the
dried coals increased. This analysis expresses that the dried coals produced by steam drying process
have better combustion behavior due to the higher calorific value than those of the raw coals.
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ABSTRAK

Proses pengeringan uap terhadap batubara peringkat rendah telah dilakukan untuk menghasilkan batubara
yang setara dengan batubara peringkat tinggi. Karakterisasi batubara sebelum dan setelah proses
pengeringan dilakukan melalui analisis proksimat, ultimat, nilai kalor, spektroskopi Fourier Transform
Infrared (FTIR) dan Thermo Gravimetry-Differential Thermal Analysis (TG-DTA) untuk mempelajari sifat
pembakaran batubara tersebut. Penelitian dilakukan menggunakan percontoh batubara peringkat rendah
berasal dari daerah Tabang (batubara TKK) dan Samurangau (batubara SP), Kalimantan Timur. Hasilnya
menunjukkan bahwa nilai kalor batubara hasil proses naik secara signifikan karena turunnya kadar air
batubara tersebut. Spekira FTIR menunjukkan bahwa rasio metilen-etilen (RchaicHz) dan aromatisiti-
alifatisiti (Raral) batubara hasil proses meningkat dan rasio Rcosar turun yang menunjukkan bahwa peringkat
batubara tersebut meningkat setara dengan batubara peringkat tinggi (bituminus). Sementara hasil TG-
DTA menunjukkan bahwa temperatur pembakaran awal (Tig) dan laju pembakaran (Rmax) batubara hasil
proses pengeringan meningkat. Analisis tersebut menunjukkan bahwa batubara hasil proses pengeringan
uap mempunyai sifat pembakaran yang lebih baik karena mempunyia nilai kalor yang lebih tinggi
dibandingkan dengan batubara wantahnya.

Kata kunci: batubara peringkat rendah, pengeringan, nilai kalor, air lembab, pembakaran.

INTRODUCTION coals and sub-bituminous coals. The LRC

deposits are quite widespread throughout the
Indonesia has a large amount of low rank archipelago (Wafid, 2019). Because of its
coal (LRC) which includes lignite, brown young Tertiary age, most of the LRC occurs
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closed to the surface and has relatively
homogenous layers, which make it easy and
cheap to be exploited. The LRC was
previously seen as uneconomical to be
extracted and not feasible source of fuel
because of its high moisture content, low
heating values and high spontaneous
combustion tendency (Sakaguchi et al,
2008; Fei et al., 2009; Rao et al., 2015). The
fact that Indonesian coal industry has made a
strong positive impact on the national
economy. Coal producers have led to search
new ways to exploit the LRC and find the new
routes to bring the fuel to the market. One of
the methods is to dry and upgrade the LRC
before shipment. The technology increases
the added value of the coal, for both export
and domestic markets, stabilizes coal quality
feed for power generation and other
industries, increases combustion efficiency
and reduces CO2 emission (Yu et al., 2013).

The main objective of the upgrading
technologies is to reduce the moisture
content and eliminate the impurities so that
the calorific value of the coal increases to be
more in line with that of high-grade coal (Ge
et al.,, 2015). The technology is expected to
develop clean, affordable, and sustainable
energy supply in the country, as well as
simultaneously helping transportation issues
in its chain supply.

In the past studies, some researchers have
investigated and discussed several coal
upgrading technologies and developed
upgraded brown coal (UBC) process as pre-
treatment of brown coal liquefaction (BCL)
based on slurry dewatering process (Deguchi,
Shigehisa and Shimasaki, 1999; Shigehisa et
al., 2000; Umar, Usui and Daulay, 2005). The
condition of process at a temperature of about
140°C and pressure of 0.35 MPa, is much
milder compared to other upgrading methods.
The addition of low sulfur wax residue (LSWR)
of about 1% is very important to prevent the re-
absorption of moisture. Using an Indonesian
low-rank coal of Berau, results indicate that the
UBC process can produce upgraded coals
with  better combustion characteristics
compared to those of raw coals i.e., low
tendency to self-ignition which is shown by a
lower Tig, a lower Tmax and a higher Tmax.
(Umar, Santoso and Usui, 2007).

Hydro thermal dewatering (HTD) process,

also known as hot water drying (HWD)
technology is a typical non-evaporative
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dewatering process (Ge et al., 2015). In the
HTD process, the temperature is typically
between 200 and 350°C (Mursito et al., 2010;
Nonaka, Hirajima and Sasaki, 2011; Zhang et
al., 2016), and the vessel pressure generated
autogenously to stop the water from
evaporating (Katalambula and Gupta, 2009).
A particular advantage of the HTD is that
most of the water is removed as a liquid,
saving the energy that in some other drying
techniques has to be used to evaporate the
water (Liao et al., 2016). Because of these
unique features, some researchers has
extensively studied the HTD to improve LRCs
characteristics (Mursito, Hirajima and Sasaki,
2011; Wu et al., 2015). Umar, (2015, 2016)
and Umar, Shimojo and Madiutomo (2018)
reported the effect of HTD process on
combustion characteristics by some LRCs
from Berau, Tabang, Samuranggau and
Bunyu coals which were located in East
Kalimantan and Banko coal in South
Sumatra. The result also shows that the
processed coal had better combustion
characteristics and a lower tendency to self-
combustion.

An upgrading technique by steam drying
originally patented by Fleissner in 1927, and
developed by Koppelman in 1977 (Umar,
2019). Drying coal in steam offers reduction of
fire and explosion hazards, and also improved
the thermal efficiency (Chen, Agarwal and
Agnew, 2001).This process removes the
significant amounts of moisture from the low
rank coal using heat and pressure. In simple
terms, the low rank coal cooked and aged so
that the product becomes similar to that of
bituminous coal. The main advantage of this
technology is the quality and stability of the
upgraded coal compared to the raw coal or
upgraded coal by other methods (Niksa and
Krishnakumar, 2015), while superheated
steam drying (SSD) is the drying of LRC with
steam. In this process, there is a direct contact
between the LRC and the superheated steam.
The possibility of ignition and explosion during
the LRC drying process can be avoided due to
the inertia of superheated steam. In the case
of power plants using LRC as fuel in a boiler,
steam from the turbine can be used as drying
medium. Hence, a drying by superheated
steam has an energy saving potential
(Godfrey, 2010). In the past studies, the low
rank coal upgrading by a steam drying method
have been investigated to study the effect of
temperature process on the behavior of the
upgraded coals using a Berau coal. The
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investigated processing temperatures ranged
from 225°C to 300°C. The least moisture
content was achieved at the processing
temperature of 300°C (Umar et al., 2005).

The main goal of this research is to understand
the influence of coal upgrading by steam
drying on combustion behavior. Both raw and
upgraded coals were evaluated by thermal
analysis technigues to obtain the combustion
performance at high temperatures and heating
rates using a DTA/TGA apparatus. It
measures both heat flow (DTA) and weight
changes (TG) in the coal as a function of
temperature or time in a controlled
atmosphere. The properties of chemical
properties based on proximate, ultimate,
calorific value analyses and Fourier-transform
infrared (FTIR) spectroscopy, which are
related to some combustion problems due to
the drying process were also examined (Umar,
Shimojo and Madiutomo, 2018).

METHOD
Coal Upgrading

This research used coal samples from
Tabang, Kutai Kartanegara Regency (TKK)
and Samurangau, Paser Regency (SP) of
East Kalimantan. The coal was dried and
screened through + 25 mm in size (Umar et
al., 2005). The steam drying process used an
autoclave with a capacity of 5 I/batch. The
coal of about 200 grams was put into the
autoclave, heat with steam at a temperature
of 300°C and a pressure of about 5.5 MPa for
1 hour. Then the autoclave was chilled and
the upgraded coal was removed to study the
effect of the process on the coal
characteristic and combustion behaviors.

The proximate analysis covered the
determination of moisture, ash and volatile
matter and the calculation of fixed carbon
according to the ASTM D.3173, D.3174, ISO
562 and ASTM D.3172. The ultimate analysis
of carbon, hydrogen and nitrogen was based
on the ASTM D. 5373, the total sulphur and
the calculation of oxygen was according to
ASTM D 4239 and ASTM D.3176, while the
calorific value content was based on ASTM
D.5865. The analyses were carried out to
both coal samples before and after drying
process.

The moisture content data of the raw and
dried coals were used to evaluate the drying
degree (Umar, Shimojo and Madiutomo,
2018).

~ Mraw coal - M dried coal

DD : X 100%
M raw coal

Where DD is degree of dewatering and M is
the moisture content (%) in the coals in the
air dried basis.

Functional Groups

A Fourier transform infrared (FTIR)
spectroscopy, HORIBA FT-720 in resolution
of 1 cm® was used to study the change in
functional group properties caused by the
steam drying processes. FTIR as a non-
destructive technique is one of the most
powerful techniques to characterize the
chemical structure of coal. It also provides
fast comprehensive information on the
functional groups in coal. The sample was
measured by a KBr pellet method. The pellet
used for the test was prepared from a mixture
of 1 mg coal and 100 mg KBr (Zhang et al.,
2016). The measuring region ranges from
4000 to 400 cmt. For each spectrum, 32
scans were accumulated.

The FTIR spectra were identified based on
the available FTIR reference spectra on the
World Wide Web. The characteristic of the
absorption peaks are mainly in 3700-3000,
3000-2800, 1800-1000, and 900-700 cm™
except for negligible peaks in 2800-1800
cm™1, which are mainly due to the absorbance
of CO2. The broad absorption band between
3700 cm~tand 3000 cm™tin coal is mainly due
to the O-H groups. The 3000-2800 cm™
region is attributed to the absorption of
aliphatic species. The region of 1800-1000
cm™ observed in the spectrum is for
absorption of complex hybrid portions such
as C=0 vibration modes, aromatic C=C, CHs
bending, and C-O bonds (Tian et al., 2016).

The following parameters were defined as the
ratio of de-convoluted peak area, RcharcHz,
Rarial, Rcoowrar, and Rcorar, as the ratios of
methyl/methylene of 2965 cm band/2920
cm-l band, aromatic/aliphatic of 1615 cm™
band/(total of 2965, 2920, 2895, 2875, 2850
cm-1, five bands), carboxyl/aromatic of 1710
cmt band/1615cm band, and
carbonyl/aromatic of (total of 1770, 1710,
1700, 1655 cm, four bands)/1615 cm! band

107



INDONESIAN MINING JOURNAL Vol. 23, No. 2, October 2020 : 105 - 115

respectively. Carbonyl groups include ester,
carboxyl, and other carbonyl group such as
ketone (Liu, Duan and Ma, 2015).

Combustion Characteristics

The characteristics of coal combustion are
required to assist in designing and
maintaining the boiler. The design helps to
maximize combustion efficiency and assists
in reducing carbon particle emissions.
Thermal analysis data can be applied to both
of the characterization of different coal, and
the evaluation of combustion performance at
high temperatures and heating rates
(Parshetti et al., 2014).

The DTA and TGA, respectively monitor the
rate of mass loss and the relative mass loss
as a function of temperature which is useful
tool to study combustion behavior of coal
since only a small size of the sample is
required (Avila et al., 2017). The combustion
profiles are useful to evaluate the burning
properties of fuel in a small amount of
samples available or when it is impractical to
test large quantities of fuel at existing
installation (Marinov et al., 2010).

The DTA-TGA analysis was carried out using
a Shimadzu DTG-60 apparatus. About 5 mg
sample performing particle size less than 75
pm (passed through 200 mesh screens) was
placed in a platinum cell at an airflow rate of

25 ml/min and heating rate of 10°C/min. The
maximum experimental temperature was
800°C (Cheng et al., 2014).

The weight of loss sample and the rate of

weight loss were recorded continuously as a

function of time or temperature. All of the

experiments were performed at atmospheric
pressure, under an inert air. The combustion
profiles obtained have various characteristic

parameters as follows (Marinov et al., 2010):

Tig (°C) : ignition temperature at which

the weight loss curve (TGA) of
from the baseline the coal
combustion is departed;

. peak temperature of maximum

heat flow (DTA);

Thbo (-C) . end of combustion
temperature at which the rate
of heat flow is zero (DTA);

Rmax (mg/s): defined as[d(TGA)/dt]t=Tmax

Tmax (-C)

The determination of the combustion
parameters as above is illustrated in TGA-
DTA profiles of Figure 1.

The heat released during combustion
process, which correspond to the high
heating value of coal, is estimated using the
area under the DTA curve (Mahidin et al.,
2003). In this study, the relationship of the
high heating value calculated (HHVcalc,
MJ/kg) and area under DTA curve, A (UV.
Sec).

TGA, ME

arl 'y

Tmax Tho

Temperature,®C

Figure 1. TGA-DTA profiles
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RESULTS AND DISCUSSION
Chemical Characteristics of Dried Coals

The proximate and ultimate analyses,
including the calorific value of the raw and
dried coals which were produced by steam
drying process in a laboratory scale, can be
seen in Table 1.

Table 1 shows that the dried coals, through

the steam drying process, the moisture

contents of both TKK and SP coals
decreased significantly from 15.35 wt% to be

1.63% of the TKK coal and from 22.38 to be

1.82%. The moisture in coals was removed in

three ways:

¢ Removed by the thermal effects;

e Removed by the carbon dioxide
generated by the thermal destruction of
functional groups;

¢ Removed by the shrinkage and collapse
effects of the coal (Ge et al., 2015).

The finding confirms that the inherent
moisture removed irreversibly and that the
water-holding capacity of coal decreases
after the steam drying process.

All coal contains mineral matter, namely and
will remain as the ash if the coal is burned. The
presence of mineral matter in the coal is crucial
in all aspects, from mining to utilization. Ash-
forming material varies significantly in number
and distribution. There are two forms of mineral
matter found in coal. The first is inherent
mineral matter that is integrated with coal and
inseparable and is formed from chemical

elements present in plants from which the coal
formed. The second is an extraneous mineral
matter, ash-forming material originating from
outside coal-forming plants and then is settled
into coal fractures after coal formation. A
washing process easily removes the
extraneous mineral matter. From this point of
view, the steam drying process at high
temperature and pressure removed the
extraneous mineral matter from coal. The SP
coal has relatively low ash content (2.76 wt%
db) and the ash reduction after steam drying
process was not significant (2.72 wt% db). It
might due to the ash of SP coal is categorized
as an inherent mineral matter. Only chemical
extraction could remove this type of ash
(Fujitsuka, Ashida and Miura, 2013). The ash
content of the TKK coal decreases significantly
from 5.22% to 2.57 wt% in dry basis. The type
of ash in the TKK coal is categorized as an
extraneous mineral matter which was easy to
be removed by a steam process. The removal
of ash, as well as moisture content, results in
the increase of the calorific value of the TKK
coal from 5,431 to 6,800 kcal/kg and the SP
coal from 5,048 to 6,517 kcal/kg.

The volatile matter of the coals decreased,
whereas the fixed carbon contentand CV of all
upgraded coals increased significantly
increased. The provided evidence, namely the
active chemical components in the volatile
matter had gradually transferred into stable
compositions in the coal structure. These
results indicate that the process promotes
LRC carbonization and volatile matter
decomposition, thereby resulting in enhanced
LRC energy density (Ge et al., 2015).

Table 1. Analysis results of raw and dried coals

Parameters TKK Coal _ SP Coal _
Raw Dried Raw Dried

Inherent moisture, wt% adb 15.35 1.63 22.38 1.82
Ash, wt% db 5.22 2.57 2.77 2.72
Volatile matter, wt% db 48.06 40.59 48.99 40.91
Fixed carbon, wt% db 46.72 56.84 48.24 56.37
Carbon, wt% daf 72.46 76.07 71.55 73.76
Hydrogen, wt% daf 5.48 5.18 5.95 5.83
Nitrogen, wt% daf 0.97 0.92 0.92 0.82
Sulphur, wt% daf 0.18 0.21 0.13 0.17
Oxygen wt % daf (by diff) 20.92 17.63 21.45 19.42
High heating value kcal/kg, adb 5,431 6,800 5,048 6,517
High heating value MJ/kg, adb 22.72 28.45 21.12 27.27
o/C 0.29 0.23 0.30 0.26
H/C 0.08 0.07 0.08 0.08
Degree of dewatering, % 89.38 91.87

Note: adb: air dried basis
daf: dry ash free

db: dry basis
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These results were also in line with the
ultimate analysis which showed that the
carbon contents increased, whereas the
oxygen contents decreased. The decrease
was also shown in atomic ratios of oxygen to
carbon (O/C) of the coal samples after steam
drying process, whereas the hydrogen to
carbon (H/C) was slightly decreased or
relatively constant. The reduction of oxygen
described as the reduction and dehydration
reactions (Zhang et al., 2016).

Functional Group Analysis of Dried Coals

The effect of the drying process on the FTIR
spectra obtained from the raw and dried coals
is shown in Figures 2. The infrared spectra of
the coals are divided into four regions,
namely hydroxyl with peaks appearing in the
range of 3600-3000 cm-?, peaks in the range
of 3000-2700 cm-! that belong to aliphatic, the
peaks in 1800-1000 cm-* which correspond to
functional groups and aromatic, while the
aromatic in the low wave region and ash
matter considered in the peaks of 900-700
cm! (Zodrow et al., 2012; Ge et al., 2015).

Table 2 summarized the spectrum
parameters of the raw and dried coals.

Table 2. Parameters based on FTIR spectrum of
raw and dried coals

Coals RcHaicHz2 Rcorar Rar/al
TKK
Raw 0.09 0.32 2.30
SD 0.18 0.17 3.32
SP
Raw 0.04 0.31 3.51
SD 0.16 0.24 5.50

The CHs/CH2 measures the length of
aliphatic chains and the degree of branching
of aliphatic side chains attached to the
macromolecular structure of the coal (Wang,
Chen and Zhang, 2020). The RchaicHz ratio
were increased for both of the coals. Higher
RchaicHz values indicate longer and less
branched aliphatic chains, the reduction and
destruction of the bridge bond connecting
with CHz, and an improvement in the coal
rank values (Ge et al., 2015).

Relative absorbance

Oried TEE R TEE

Drigd 5P PRz 5P

4000 2500 2000 2500

2000 1500 1000 500

Wavenumber, cm?

Figure 2. . FTIR spectra of raw and dried coals
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Carbonyl/aromatic (Rcorar) represents the
dissociation and shift of oxygen functional
groups. The dried coals have lower Rcorar
values than that of the raw coals. According
to Ahmed (2003), coal with lower Rcoyar
indicates the decrease in the carbonyl or
carboxyl groups to aromatic carbon groups,
reduction and destruction of oxygen
functional groups during the drying process.
The lesser the ratio of carbonyl or carboxyl
groups to aromatic carbon groups, the higher
the rank of coal (Suggate and Dickinson,
2004). The aromatic/aliphatic (Ra/Ra),
another parameter related to the aromaticity
and grade of coal rank of the dried coals,
increased. Higher value of Ra/Ra indicates
higher aromaticity and maturity that shows
that the coal rank is increasing (Ge et al.,
2015).

Combustion Behavior of Dried Coals

Figure 3 shows the TGA-DTA curves of the
raw and dried coals. The curves are illustrated
heat differentiation during the test. The TG
curves of the raw and dried coals showed a
relative weight loss. The weight loss under 150
°C is associated with the removal moisture
within the coal, and above 150 °C is related to
the combustion of volatiles and charcoal. It
shows that the TG curves of both raw coals at
the temperature about 50-100°C sharply
decreased due to the high moisture content.
While the dried coals in the profile of TG curve
at such the temperature decreased slightly.
These profiles indicate that the moisture
content of the dried coals decreases due to the
steam drying process. Several parameters
derived from TG-DTA analysis are
summarized in Table 3.

The Tig value corresponds to the ignition
temperature of the volatile matter. The Tig is
an important preliminary step in the coal
combustion process due to its influence on
the formation and emission of pollutants,
flame stability, and flame extinction (Sahu et
al., 2010). The Tig of both of the dried coals
was increased. The higher the Tig, the lower
the volatile matter. These results are in line
with the volatile matter content, as shown in
Table 1. In general, the coal with low ignition
temperature can be considered easy to ignite
or has a high tendency to be self-ignition.

6 1200
5 - TKK e====Dried 1 1000
TGA 800
4 _ e R W
o TGA 600
E 3 - p e Dried 400 o
g DTA 200
O 24 >
= — Raw 0 _“:
11 200 <
0 T T T ’400
0 200 400 600 800
6 1200
Dried
5 TGA 1000
— RaW 800
4 - EG_A
[o)] ried 600
i_ 3 - Do 400
DTA @)
O ] = 200 o
= 2 // o 3
1 - =
g g 200 <
0 T r " -400
0 200 400 600 800

Temperature °C

Figure 3. DTA-TGA curves of the raw and dired
coals

Table 3. Combustion parameter of raw and dried

coals

Tig Tmax Rmax o
Coals oC °C mg/min Tho°C
TKK
Raw 252 381 0.25 789
SD 283 393 0.49 785
SP
Raw 249 392 0.31 789
SD 277 385 0.56 793

The DTA curves show the evolution of heat
flow with elevated temperatures. The first part
of the DTA curves corresponds to a global
endothermic process, which is the result of
heat adsorption (endothermic) and oxidation
reactions (exothermic). There were three DTA
peaks for all coals. The first peak (heating
loss, uv) corresponds to a global endothermic
process, which appeared at about 60 to
100°C, as a result of water vaporization. The
raw coals peak was higher compared to those
of the dried coals due to the higher moisture
content. The second peak, corresponded to
the removal of volatile matter was slightly
decreased. Furthermore, the third peak that
showed the highest, exhibit exothermic
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events during the entire combustion test at the
temperatures higher than 350°C. Both of the
dried coals significantly increased. It
characterized that the major took heat
released in the combustion of dried coals
place. Based on this fact, it seems that the
heating values of the dried coals were higher
than that of the raw coals as shown in Table
1.

Tmax is related to coal reactivity. Reactive
coals have lower Tmax and can generally be
ignited and burned more easily. Such coals
would expect to burn more completely in the
lower part of a boiler furnace, while coals
exhibiting high Tmax burn relatively slow and
would require longer residence times or higher
temperatures for complete combustion (Avila
et al., 2017). Table 3 shows that the Tmax of
TKK dried coal increased while the SP coal
decreased due to the steam drying process.
The Tmax of the SP coal after SD process
decreased possibly due to its high moisture
content (Ge et al., 2015).

The Rmax indicates the maximum combustion
rate, defined as the weight loss to the time at
the temperature maximum [d(TGA)/dt]t=Tmax.
The Rmax of the dried upgraded coals was
higher than that of the raw coals. It expressed
that the dried coals were easy to be burnt due
to high calorific value and less moisture
content (Song et al., 2017).

From the DTA curve, itis possible to determine
the end of combustion (Tbo). This is
corresponded to the temperature when the
rate of heat flow is zero (Marinov et al., 2010).
The Tbo reflects the char characteristic. Low
Tho reflects right burnout property. The Tho of
the dried TKK coal decreased while the dried
SP coal slightly increased due to the steam
drying process. These results are in line with
the Tmax results.

To determine the high heating value (HHV) of
coal, in this study, the relationship of the high
heating value calculated (HHVcalc, MJ/kg)
and area under DTA curve, A (uV. sec) and
TGAI (initial weight) is represented according
to the equation of 16.09511 + (1.1.10
SxAITGAI). The experiment and measured of
the HHV can be seen in Table.4.

The HHVs calculated from DTA analysis
were different from the HHVs measured
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using a bomb calorimeter according to the
ASTM Standard D-3286 (Tablel). Deviation
of equation and accuracy in determining the
area under the DTA peaks caused these
differences. Table 4 shows that HHV of the
dried coals was higher rather than that of the
raw coals which aligns with the higher peaks
of the dried coals.

Table 4. Calculated and measured HHV of the
raw and upgraded coals

DTA AITGA, HHV HHV
max
Coals eak WV measured  calc.
Bv ' sec/mg  MJlkg MJ/kg
TKK

Raw 437 53,270 22.72 23.25
Dried 957 84,859 28.45 27.95
SP

Raw 585 74,640 21.12 21.35
Dried 1001 105,376 27.27 28.10

CONCLUSION

The results indicate that the steam drying
process can upgrade the low-rank coal. The
calorific value of TKK coal increased
significantly from 5,431 kcal/kg to 6,800
kcal/kg, while the SP coal from 5,048 kcal/kg
to 6,517 kcal/kg in air-dried basis, mostly due
to the decreased of moisture content. The
degree of dewatering was 89.38% from TKK
and 91.87% from SP coals respectively. The
FTIR spectrum obtained for the raw and dried
coals shows that the Rcrsichz and Raral value
of the dried coals increased and the Rcorar
decreased due to the drying processes which
reflects improvement of rank coals. In this
study, the Tig of both of the dried coals
increased as well as the Rmax. It expressed
that the dried coals have better combustion
behavior which was easier to be burnt due to
higher calorific value and less moisture
content than the raw coals.
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