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Abstract. This paper describes experimental research on alkali-acid leaching
treatment on bituminous coal assisted by low-frequency ultrasonication and
investigates its influence on the coal's specific capacitance. In order to describe
the grade of raw coal, approximate and ultimate analyses were utilised. As a
leachant, NaOH and H,SO,4 were utilised. The coal samples were leached twice
with NaOH and H,SO, at 37 kHz ultrasonic frequency. The concentration ratio of
NaOH to H;SO4 was 1:2, with NaOH concentrations varying between 5 and 10
weight percent. With increasing leachant concentration, Fourier Transform
Infrared (FTIR) spectroscopy revealed a rise in mineral band transmittance.
Specific capacitance (CS) of leached coal in 3M KOH electrolyte increased in
proportion to the concentration of leachant. Using 10% NaOH and a scan rate of
5 mV/s, the SC value of leached coal was 4.87 F/g.

Keywords: coal; demineralization; alkali-acid leaching; electrochemical;
ultrasonication.

1 Introduction

Coal is the cheapest and most plentiful fossil fuel source on earth, and it is
primarily used for electricity production [1]. In steel and iron industry, coal is
used as a carbon source where coal is used as a reductant for iron ore to metal [2].
Based on coal formation, coal has heterogeneous complex structure that consists
of mixture of carbon and mineral matter. [3]. The mineral matter generally
consists of metals such as silicone, aluminium, titanium, and calcium etc. and
non-metals such as nitrogen, sulphur, phosphorus and clorine [4]. These minerals
will form ashes, non-combustible residues when coal is burned. The major ash
that commonly found in the coal is silica.
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Carbon content in the coal increases during the underground aging, resulting in
four coal rank: lignite, subbituminous, bituminous and anthrasite [5]. Lignite with
short aging age has the least amount of carbon content (65-70%) and
hydroaromatic structure while antrachite with long aging age has the highest
carbon content (more than 90%) and high hydroaromatic structure [6].
Bituminous coal is intermediate-rank coal that posseses different characteristics
when compared with lignite, subbituminous and anthracite. It has 70-90% carbon
content [6].

Coal has an abundant polyaromatic structure similar to the characteristics of the
sp? bonds in graphene so that coal can be used as graphene-forming material [7].
However, the mineral contents in the coal will have an impact on the resulting
graphene because minerals will obstruct the formation of graphene layers and will
form irregular pore defects on the graphene [8].

Alkali-acid leaching is one of the chemical methods to clear away or demineralize
minerals from coal by using alkali leaching followed by acid washing [9]. This
method has benefit to obtain higer degree of demineralization because of
unprocessed component and leftover minerals from the initial stage will be
dissolved again. Common alkali substances include NaOH, KOH, Ca(OH)., and
also common acids including H2SO4, HCI, HNO3; and H,0;[9,10]. The alkalis
will react with the coal’sulphur and major minerals (silica, alumina, and clay-
bearing minerals) to form hydrated alkali compound of silicate, aluminate and
aluminosilicate [4,9]. The products of alkali leaching are poorly soluble and
require acid treatment to be removed from coal [11]. Possible reaction between
alkali and major minerals during leaching process as shown in equation 1-3 [9].

2NaOH + Si0, —» Na,SiO; + H,0 Q)
2NaOH + Al,05 - 2NaAlO, + H,0 @)
NaOH(aq) + NaAl(OH)4(aq) + Na25i03(aq)
- Na,(Al02),(Si0,) .NaOH. H, ©)

[sodium aluminosilicate complex gel]

To improve leaching efficiency, ultrasonic energy has been used to assist coal
cleaning process. Ultrasonic energy is energy from sound wave with frequency
above 20 kHz [12]. Application of ultrasonic energy with frequency under 100
kHz will produce cavitation mechanism. This mechanism will increase the
efficacy of the leaching process by accelerating the diffusion of reagents within
coal particles [13].

As an intermediate product of coal processing into carbonaceous materials, the
demineralized coal contains a lower impurity and higher carbon content than
untreated raw coal which is expected to perform better electrochemical properties
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than raw coal. However, to the best of the information we have, the study of
electrochemical properties of demineralized coal as a supercapacitor electrode
has not been reported previously. Thus, in the present work, we reported
electrochemical characteristic of demineralized bituminous coal as an electrode
of supercapacitor. Cyclic voltammetry (CV) as an electrochemical
characerization of the resulting samples is discussed.

2 Experimental method

2.1 Material

The coal sample was obtained from PT.Bukit Asam (PTBA), Lampung
Indonesia. The composition of coal was characterized by proximate and ultimate
analysis listed in Table 1. NaOH and H,SO, solvents were used as leachant in this
experiment. Meanwhile carbon black, polyvinylidineforide, and 1-methyl 2-
pyrrolidinone were used as electrode forming materials mixed with coal.

Table 1. Proximate and ultimate analysis of coal.

Analysis Result
Proximate Wt %
Moisture 11.73
Volatile matter 39.57
Fix carbon 44,98

Ash 3.72
Ultimate analysis Wt %
C 79.10

H 5.82

N 1.35

(0] 13.27

S 0.46

2.2  Experiment

The alkali-acid leaching experiment conducted in ultrasonic bath with
specification frequency of 37 kHz. To obtain an average particle size range of
roughly 212 pm, the coal sample was crushed and sieved. Coal powder was dried
in oven at 105°C for 3 hours. In this experiment, alkali-acid leaching was done
by using ultrasonication. The first step coal powder sample of approximately 3 g
was mixed with 50 ml of 1 wt% NaOH in erlenmeyer flask. This mixture placed
in center possition of ultrasonicator bath for 2 h at temperature of 80°C. Then, the
2 vol% of H,SO4 was addeed into the coal slurry sonication for 2 h at temperature
of 80°C. The coal slurry was created and then dried for three hours at 105 °C in
an oven after being rinsed with hot deionized water until its pH was neutral. In
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the same way, H>SO4 with a 1:2 concentration ratio was added after NaOH
concentrations of 5% and 10%. Henceforth, the resulted samples were labelled
as raw coal, C-NaOH, C-H,SO,, C-mix 5% and C-mix 10% for raw coal, NaOH
demineralized coal, H.SO4 demineralized coal, NaOH followed by H,SO4 with
5% and 10% concentratio, respectively. These steps are shown in Fig.1.

Coal powder ——

Oven

Ultrasonication Centrifugation

Figure 1. Schematic ilustration of demineralization of bituminous coal.

After that, an electrode based on the obtained samples was created in order to
examine the electrochemical characteristics of demineralized coal.
Demineralized coal powder (80% wt), carbon black (10% wt.),
polyvinylidinefloride (10% wt.), and 1-methyl 2-pyrrolidinone were combined,
heated at 40°C on magnetic stirrer to generate coal slurry, and then used to make
electrodes. The coal slurry was then applied on nickel foam and allowed to dry
overnight at a temperature of 105°C in a vacuum oven. Three electrode cells with
electrolyte solutions of 3 M potassium hydroxide (KOH) were used to
characterize the electrochemical characteristics. Cyclic voltammetry (CV)
measurements were investigated between 1.0 to 0.0 V at scan rate of 5 mVs™.
The specific capacitance can be determined by mean of the formula [14]:

_ [1av
ST 2mwAv (4)

Where Cs, [IdV, m, v and AV are a specific capacitance, a cyclic
voltammogram’s integrated area (VA), active material’s mass (g), scan rate
(mV/s), and potential windows (V), respectively.

3 Result and discussion

The results of the proximate and ultimate analyses showed that the sample of coal
that was utilised in this experiment was of the high-volatile bituminous-b type.
This coal type has the carbon content, volatile matter, and moisture content about
78-80 %, 42-38 % and 10-12 %, respectively [5]. The mineral content of pre- and
post-demineralized coal was analysed using XRF characterization, and the
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findings are summarised in Table 2. Based on the information in Table 2, sulphur
and silicon are major elements in the raw coal sample followed by aluminium,
calcium, ferrium, paladium, and the remains are trace elements. After
demineralization, most of the mineral were removed especially trace elements.
However, the major mineral like aluminium, silicon and sulphur were slightly
reduced.

Tabel 2. Minerals composition (in At.%) in raw coal and demineralized coal from XRF
characterization .

Element Raw C-NaOH C-H2S04 C-mix5% C-mix 10%

Coal
Al 9.57 7.36 7.71 5.83 6.92
Si 28.91 24.39 24.27 30.20 37.71
S 41.39 22.42 58.00 58.00 52.11
K 1.61 1.56 1.19
Ca 6.43 5.97 3.68 2.81 1.38
Ti 2.47 1.13 3.35 1.18 1.16
\Y 0.23 0.14 0.30 0.18
Cr 0.24
Eu 0.27
Gd 0.16
Fe 411 2.54 2.69 0.72
Co 0.10
Ni 0.17
Cu 0.22
Pt 0.20
Bi 0.17
Se 0.13
Pd 3.61

Fig. 2 shows FTIR spectrum of raw coal and demineralized coal. It can be seen
that all samples have relatively similar FTIR spectrum, demonstrating that all
samples have similar functional groups. The peaks located higher than band 3624
cmare connected with vibration of O-H in hydroxyl group of aluminosilicate or
clay minerals [15]. The broad and strong band at 3427 cm* could be ascribed to
hydroxyl vibration. This band is associated with water molecule that bounded to
the minerals. The peaks at 2980-2845 c¢cm ascribed as ~CH bonds that are
aliphatic structure such as —CH; and —CHjs. Strong intensity at peak 1600 cm™ are
aromatic C=C vibrations indicating more carbon content. Meanwhile, the peaks
at 799-473 cm corresponds to mineral content in the sample. These bands
confirmed that chemical leaching and demineralization with NaOH and H.SO4
did not remove these minerals.

The enclosed area of the cyclic voltametry (CV) curve for raw coal and
demineralized coals tends towards pseudo-capacitive behaviour, although it is not
precisely rectangular as depicted in Fig. 3. The specific capacitance can be
calculated from Equation (4) according to the CV curve and they are about 1.00,
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3.50, 3.67, 4.80 and 4.87 Fg! of raw coal, NaOH demineralization, H,SO,
demineralization, C-mix 5% and C-mix 10%, respectively. The greater the
concentration of demineralization, the greater specific capacitance.
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Figure 2. FTIR spectrum of coal samples.
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Figure 3. CV curve of all samples at 5 mVs™ in 3 M KOH.
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Conclusion

Coal has been demineralized by alkali acid leaching with ultrasonication at low
frequency. FTIR spectroscopy measurement shows that intensity peaks in mineral
bands lead to decrease in proportion incresing concentration of alkali acid
leaching. Electrochemical properties of the demineralized coal by measurement
CV in 3M KOH electrolite solution. The value of specific capacitance (SC)
increased in proportion to leachan concentration. The SC value of leached coal
was 4.87 F/g at scan rate of 5 mV/s by leaching 10% NaOH.
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