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ARTICLE INFO ABSTRACT
Keywords: Static tests of acid mine drainage potential are an important part of mining water management.
Acid mine drainage Net acid generation (NAG) test is widely used in Indonesian coal mines because of its conve-

Static test
Net acid generation test
Hydrogen peroxide

nience. This test uses HyO» to oxidize sulfide minerals within rock samples to determine their net
acid-forming capacity. This study aimed to determine the difference between H2O2 at concen-
trations of 7.5% (the standard in several Indonesian coal mines) and 15% (the standard of the
Acid Rock Drainage Test Handbook and Indonesian National Standard) in categorizing rocks as
potentially acid-forming and non-acid-forming and in terms of NAG solution characteristics. A
total of 564 rock samples collected from two Indonesian coal mining sites were analyzed using
pH, NAG, total sulfur, and acid-base-accounting tests. The results of the study showed that there
was no significant difference in rock classification or the behavior of contaminants in the NAG
solution between 7.5% and 15% H30-. The characteristics of sulfide minerals in Indonesian coal
mines were the main factors influencing the results of the NAG test and behavior of contaminants
in the NAG solution. Therefore, HyO, at a concentration of 7.5% can be used in Indonesian coal
mines with relatively low total sulfur concentrations (<5%) and minerals in framboidal form.

1. Introduction

Acid mine drainage (AMD) is one of the major environmental issues in the coal and mineral mining industries [1-3]. It also leads to
social tensions and is often the primary reason for communities rejecting mining projects [4,5]. AMD is formed when sulfide minerals
contained in overburden or waste rock are exposed and oxidized by oxygen in the air during excavation and stockpiling activities.
However, AMD will only form if insufficient amounts of acid neutralizing alkalinity are produced [6-8]. The oxidation of sulfide
minerals, generally dominated by pyrite minerals, produces products such as SO4, Fe?', Fe®™, Al, Mn, and other metals that can be
carried to surface water and groundwater [9]. The pH of AMD can reach as low as —3.6 [10] and associated high metal concentrations
have a negative impact on aquatic life [11,12]. Therefore, AMD prevention is key to successful environmental management in coal and
mineral open-pit mines.

AMD prevention can be achieved using wet and dry cover approaches, each of which has advantages and disadvantages [13,14].
Several studies have been conducted on AMD prevention using the wet cover method [15,16] and dry cover method using existing
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non-acid-forming (NAF) material [1,17] as well as other alkaline materials such as lime, ash from coal power plants [18-20] and
alkaline/cementitious amendments [21,22]. During mine planning, particularly excavation and overburden stockpiling, priority
should be given to the implementation of appropriate preventive techniques. Prevention efforts can only be carried out after identi-
fying the potential for AMD generation, which must be carried out in the exploration stage so that rock geochemical models can be
developed as the basis for mining planning.

The prediction of potential AMD generation through various laboratory tests and at different scales in the field has developed over
the last 50 years. AMD prediction can be grouped into two methods: static and kinetic tests [23-28]. The static test determines the
potential for AMD generation from sulfide minerals and the potential for neutralization due to the presence of minerals such as
carbonates in the sample. This test can be performed in a laboratory in a relatively short time, usually hours or days. In contrast, kinetic
tests are carried out over a long period (several months to years) and use leaching to determine the rate of generation, behavior,
weathering of rocks, and metal mobility in relation to AMD. Therefore, kinetic tests are usually only used to validate static tests, not to
identify rocks at the operational scale of the mining industry.

Several static test methods have been reported to predict AMD, two of which are commonly used: acid-base accounting (ABA) and
net acid generation (NAG) tests. The ABA method was first developed by Smith et al. at West Virginia University in 1965 [29,30]. This
method was further refined in the late 1960s and 1970s [31]. After inclusion in a manual by the US EPA in 1978, ABA testing pro-
cedures were widely adopted to identify potential AMD generation [32]. Since then, the ABA method has been further modified and
implemented by several researchers [26,33-35]. In general, the ABA method comprises total sulfur (TS) and neutralization potential.
TS is measured using high-temperature combustion to determine the maximum potential acidity (MPA) produced from the sample.
MPA is calculated using a stoichiometric approach, where 1% pyrite mineral is equivalent to 30.6 kg H,SO4/ton. The TS method does
not distinguish between different forms of S and assumes that all S contained in the sample is in the form of pyrite sulfide [1]. Acid
neutralizing capacity (ANC) is determined using the Sobek method [36] by adding a standard amount of HCI to the sample and heating
it to catalyze the reaction. Next, the solution is titrated with NaOH to determine the amount of unreacted HCl. Net acid-producing
potential (NAPP) is the difference between the MPA and ANC.

The NAG test, first introduced and developed by Ref. [37], uses HoO5 to measure potential AMD generation from sulfide minerals
contained in the overburden of coal and mineral mines. This method directly measures NAG in the sample after the addition of the
strong oxidizing agent, HoO2. Other researchers have also investigated the use of HoO5 to measure the sulfide content and acid po-
tential of mining activities [33,36,38-40]. In the early 1990s, Environmental Geochemistry International (EGI) Pty Ltd., funded by the
Australian Mining Industry Research Association (AMIRA), conducted case studies in 17 mining sites in Australia, New Guinea, and
Indonesia to develop a simple and low-cost procedure for testing AMD generation potential [41]. EGI and the Ian Wark Research
Institute were subsequently involved in Project P387A on Prediction and Kinetic Control of Acid Mine Drainage, funded by AMIRA in
2002, to produce the Acid Rock Drainage (ARD) Test Handbook, which has been used in many countries, including the Indonesian
National Standard (SNI) 6597:2011. The ARD Test Handbook combines ABA and NAG analyses to determine the characteristics of
potentially acid-forming (PAF) and NAF rocks. During this period, EGI co-developed a standard operating procedure for measuring
AMD generation in Kaltim Prima Coal (KPC), Indonesia’s largest coal mine, which is still used today. KPC is one of the few Indonesian
companies that controls potential AMD generation by comparing NAF materials with PAF materials.

The NAG tests developed by EGI in the ARD Test Handbook and KPC in the 1990s differ. The ARD Test Handbook adopts the
method of Finkelman and Giffin in 1986 [37], using 250 mL of 15% H50, to oxidize sulfide minerals in a 2.5 g pulverized sample. The
H,0; solution then reacts with the sample overnight, after which it is slowly heated to near-boiling temperature for at least 2 h using a
hotplate. Deionized water is added to maintain the solution volume, if necessary. This heating removes excess H,O5 and releases the
neutralizing agent (carbonate buffer). Next, the solution is allowed to cool to room temperature (at approximately 25 °C), and its pH is
measured. NAG capacity is also calculated from the consumption of NaOH during titration to pH 4.5 and 7.0 and expressed as
equivalent kg HySO4/ton [26]. The KPC NAG test uses 250 mL of 7.5% H30, and a 2.5 g pulverized sample. Rock classification also
differ from those developed in the late 1980s and early 1990s. For operational management purposes, the KPC rock types identified via
the NAG test are categorized into four types: Type 1 (NAF), Type 2 (low PAF capacity <2 kg HoSO4/t; Type 3 (moderate PAF capacity
= 2-10 kg H2SO4/t; and Type 4 (high PAF capacity >10 kg H2SO4/t).

Dubey and Das in 1981 [42], as reported by Finkelman and Giffin in 1986 [37], stated that 15% H30O, is the most effective solution
for oxidizing pyrite minerals. However, since adopting the NAG procedure in the 1990s, KPC has reported more efficient potential
AMD identification using 7.5% HyOs. This procedure has also been adopted by several other Indonesian coal mining companies. The
total cost for NAG Test using the 7.5% of HyO, were reported as approximately US$20 per sample. The use of these two concentrations
has implications on the cost of AMD management in Indonesian coal mining companies. The realistic and cost-effective of static test for
AMD management is important to be determined so that all companies can carry out plans to prevent the AMD generation effectively
and efficiently. Therefore, this study aims to compare the effects of 7.5% and 15% H0- on the NAG test. Based on the results of this
study, we aim to recommend a reliable, low-cost static test method for predicting potential AMD to the mining industry, particularly
coal mines and government.

2. Materials and methods
2.1. Materials

Rock core samples were taken from the Sangatta and Bengalon mining sites of KPC, located in the East Kutai Regency, East
Kalimantan, Indonesia. A total of 564 NAF and PAF samples from exploration activities were obtained from different lithologies. These
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samples were categorized based on AMD potential using the procedure of KPC, as shown in Table 1. Core samples (core dia. 6 cm), with
density 2210 - 2360 kg/m°, were crushed using a jaw crusher with an opening of approximately 2 cm, and samples were collected
using a splitter. Next, the samples were finely pulverized to a particle size of 200 mesh (<75 pm), and 2.5 g of each sample was
collected according to the standard static test method.

2.2. Methods

2.2.1. Static tests procedures

Static tests were performed to determine the AMD generation capacity of the rock samples. These included the paste pH, TS, ABA,
and NAG tests. NAG tests were performed using an HyO concentration of 7.5% according to the standard operating procedure of KPC
and 15% in accordance with the ARD Test Handbook [26] and SNI 6597:2011. Tests were also performed on the NAG solution after the
addition of H,0, by analyzing the concentrations of metals (Fe, Mn, and Al) and SO3™~ and changes in temperature. Sample classifi-
cation was based on NAG capacity (kg HoSO4/t): NAF, low PAF, moderate PAF, and high PAF capacity. These four NAG categories
employed by KPC are not significantly different from those used by Miller in 1996 [43] and Smart et al., in 2002 [27]: NAF, low PAF,
high PAF, and uncertain capacity. NAG tests were also performed at pH 4.5 and 7.0 to understand the acid-forming behavior of the
samples. This also informed rock classification, such that pH < 4.5 and pH > 4.5 were categorized as PAF and NAF, respectively. The TS
analysis was conducted using high-temperature combustion, without differentiating between different forms of S that might be
contained in the samples, such as sulfides (pyrite or other sulfide minerals), sulfates, and S. ABA analysis was conducted for selected
samples to determine the consistency of AMD generation. These tests on NAG solutions were also aimed at determining the differences
in the formation and mobility of contaminants potentially contained in AMD when mixed with 7.5% and 15% H203 [44]. Water quality
analysis was performed with reference to the Standard Methods of Analysis of Water and Waste from the American Public Health
Association (APHA). The NAG solution was analyzed according to its pH, temperature, total dissolved solid, oxidation reduction
potential, conductivity and concentrations of total Fe and total Mn.

2.3. Chemical and mineralogical characterization

Mineralogical analyses were performed to determine the type and form of sulfide minerals in the rock samples, which represent the
characteristics of PAF and NAF, using XRD (Siemens rotating-anode instrument) and Scanning Electron Microscopy-Energy Dispersive
Spectroscopy (SEM/EDS). XRD patterns of pulverized samples were analyzed at Hydrogeology and Hydrogeochemistry Laboratory,
Bandung Institute of Technology, using Rigaku Smart Lab from 5 to 90° for 2-0 value using Cu K-a radiation (1.54059 A), step size
0.01°, 40 kV voltage, 30 mA. The diffractograms were analyzed using the International Centre for Diffraction Database (ICDD) PDF-4
and PDXL software. The SEMD/EDS JEOL-JSM-6510LV was operated with an accelerating voltage of 20 kV and a probe current of 7.45
nA. A counting time of 40 s was used for quantitative analysis, work distance of 15 mm, and detection limit 1%.

3. Results and discussion
3.1. pH, NAG, TS, and ABA test results

Table 2 lists the results of the paste pH, TS, ABA, and NAG tests. The results of the NAG test comprised 154 samples classified as
Type 1 (NAF), 109 classified as Type 2 (low PAF capacity), 150 classified as Type 3 (moderate PAF capacity), and 151 classified as Type
4 (high PAF capacity). Type 1 ranged from 0 to 1.96 kg and 0-3.92 kg H2SO4/t, with an average of 0.01 and 0.27 kg HySO4/t,
respectively. In contrast, the NAG4 5 and NAGy7 o capacities of Type 4 ranged from 9.80 to 152.88 and 2.15-158.76 kg HSO4/t, with an
average of 51.26 and 17.28 kg HySO4/t, respectively. NAGy 5 test results revealed a capacity for HySO4 generation from sulfide
oxidation products and the hydrolysis of dissolved Al and Fe [26,41,45], whereas those of NAGy ( indicated that the net remaining acid
could be due to the presence of dissolved metals such as Cu and Zn and other metal ions potentially present as hydroxides [26,45].

Table 2 and Fig. 1a-c show a 1:1 correlation between the results of the NAG test using HyO, concentrations of 7.5% and 15%. The
average NAG pH values obtained using 7.5% and 15% H20, were 7.45 and 7.59 (Type 1), 3.76 and 3.75 (Type 2), 3.11 and 3.06 (Type

Table 1

Number of samples used in each method of acid mine drainage potential.
Samples Rock Type Total Samples Number of Samples (each analysis)
Group ID Range A B C D E

Al A2

A Al to A154 NAF Type 1 154 154 154 5 5 1 5
B B1 to B109 PAF (Low) Type 2 109 109 109 5 5 - 5
C C1 to C150 PAF (Moderate) Type 3 150 150 150 5 5 - 5
D D1 to D151 PAF (High) Type 4 151 151 151 5 5 5
Total Samples 564 564 564 20 20 2 20

A, net acid generation (NAG) test; Al, NAG test using 7.5% H3O,; A2, NAG test using 15% H0s; B, total sulfur; C, acid neutralizing capacity; D,
mineralogy; E, characteristics of NAG solution.



Table 2

Descriptive statistics of rock samples representing acid mine drainage generation.

Acid-Base Accounting Test

Type 1 Type 2 Type 3 Type 4
R A R A R A R A
ANC 255.62 t0 264.82  259.44 242.83 to 260.57 252.99 38.68 to 52.57 47.11 33.72 to 41.66 38.08
TS 0.38 to 1.18 0.716 0.05 to 0.06 0.054 0.22 to 1.67 0.98 1.23 to 2.44 1.7
MPA 11.63 to 36.13 21.92 1.53 t0 1.83 1.65 6.73 to 51.13 30 37.66 to 74.71 52.17
NAPP —248.23 to —237.53 —259.04 to 245.33 —252.82 —31.94 to —1.43 -17.1 —1.01 to 38.01 14.088
—228.7
ANC/MPA 7.32 to 22.33 13.57 143.53 to 170.20 155.21 1.02 to 5.74 2.48 0.49 to 1.02 0.79
Net Acid Generation (NAG) Test
Type 1 Type 2 Type 3 Type 4
7.5% Hy0, 15% H,0, 7.5% Hy0, 15% H,0, 7.5% Hy0, 15% H,0, 7.5% Hy0, 15% H,04
R A R A R A R A R A R A R A R A
NAG pH 4.9 to 7.45 4.7 to 7.59 3.30t03.90 3.76 3.2t0 3.9 3.75 2.5t0 4.2 3.11 2.4to0 3.6 3.06 1.00 to 3.30 2.17 1.10 to 2.90 2.13
8.7 8.8
NAGy s 0to 0.01 Oto 0.01 195t01.96 1.96 1.96 1.96 0to 11.76 6.2 1.96 to 13.72  6.27 3.92 to 50.69  9.80 to 51.26
1.96 1.96 145.04 152.88
NAG7,o 0 to 0.27 0t0o9.8 0.26  3.92to 10.37  3.92to 1095 0to27.44 16.08 5.88 to 25.48 15.85 17.64 to 70.39  2.15to 17.28
3.92 21.56 25.48 166.6 158.76
NAGy. s/ 0 0 0 0 -0.1 -0.1 —0.1 -0.1 —0.12 to —0.82 —0.18to —-1.21  —1283to 10 10.15  —1166 to —235.97
NAPP —-2.73 —4.09 11.60

*ANG, acid neutralizing capacity; TS, total sulfur; MPA, maximum potential acidity; NAPP, net acid-producing potential; NAG4 s and NAG7 o, NAG at pH 4.5 and 7.0, respectively; all values measured in kg

H,SOu/t.

** Type 1, non-acid-forming (NAF); Type 2, potential acid-forming (PAF)—low capacity (NAG <2 kg H2S04/t); Type 3, PAF—moderate capacity (NAG = 2-10 kg H»S04/1); Type 4, PAF—high capacity

(NAG >10 kg HpSO04/t).

R, Range of values; A, Average value.
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3), and 2.17 and 2.13 (Type 4), respectively. The average NAG4 5 capacities observed when using 7.5% and 15% H304 were 0.01 and
0.01 kg H2SO4/t (Type 1), 1.96 and 1.96 kg H2SO4/t (Type 2), 6.20 and 6.27 kg H2SO4/t (Type 3), and 50.69 and 51.26 kg H3SO4/t
(Type 4), respectively. Similarly, the average NAGy (o capacities observed when using 7.5% and 15% H202 were 0.27 and 0.26 kg
H3SO04/t (Type 1), 10.37 and 10.95 kg H2SO4/t (Type 2), and 16.08 and 15.58 kg HaSO4/t (Type 3). Average NAGy, o capacities only
differed between 7.5% and 15% H30- in Type 4 samples, at 70.39 and 17.28 kg H>SO4/1, respectively. These results demonstrate that
sulfide minerals exhibit the same characteristics and behavior when reacting with different concentrations of HyO».

The NAG test remains a reliable method of identifying potential AMD in mining operations at different scales. This is because the
NAG test is easy to perform and does not require a TS test using modern equipment [46]. However, this test has the disadvantage of not
measuring potential neutralizing capacity because of the presence of carbonate minerals. Several studies have reported that the
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presence of high amounts of carbonate minerals such as siderite can lead to invalid potential acid capacities [45,47-49].

The TS concentrations of NAF and high-capacity PAF rocks range from 0.38% to 1.18% and 1.23%-2.44%, respectively. Several
researchers have recorded relatively low TS concentrations ranging from 0.1% to 5.0% in the overburden of Indonesian coal mines [1,
50-52], with a predominantly framboidal form. Framboidal pyrite minerals are more reactive than euhedral forms [53]. This
potentially explains the insignificant difference between the results of NAG tests using 7.5% and 15% H30.

Fig. 2 shows the geochemical classification of the samples with classification based on the NAG test. The Type 1 rock sample (Group
A) had an NAPP range of —248.23 to —228.7 kg HySO4/t, which indicates that the sample was dominated by carbonate minerals with
an ANC value of 259.44 kg HySO4/t, it was classified as an NAF rock. The average NAPP values of Types 2, 3, and 4 were —252.82,
—17.1, and 14.088 kg H,SO4/t, respectively. As shown in Fig. 2, the samples classified as Types 2 and 3 were in the uncertainty
quadrant because they had a negative average NAPP, but NAG pH below 4.5. Average NAG capacity is very likely to be greater than
average NAPP because NAPP includes a stoichiometric maximum acidity based on S analysis and pyrite oxidation [54]. In addition,
this phenomenon occurs because organic matter in the sample reacts during oxidation and produces organic acids that can be titrated
during the NAG test.

3.2. NAG solution characteristics

Fig. 3 shows the pH (Fig. 3a), total dissolved solids (Fig. 3b), oxidation reduction potential (Fig. 3c), conductivity (Fig. 3d), and Fe
(Fig. 3e) and Mn (Fig. 3d) concentrations of the NAG solution. There was no significant difference in these parameters between samples
treated with 7.5% and 15% H30». For example, the average pH values of the four rock types with the addition of 7.5% and 15% H20,
were 7.65 and 7.78 (Type 1), 4.12 and 4.44 (Type 2), 2.96 and 2.91 (Type 3), and 2.51 and 2.58 (Type 4), respectively.

As shown in Fig. 3e, the lowest concentration of Fe (1.65 mg/L) was recorded in Type 1. In contrast, relatively high Fe concen-
trations were recorded in the NAG solution of Type 4. With the use of 7.5% and 15% H0,, Fe concentrations ranged from 15.8 to 112
and 15.8-85 mg/L, respectively. Fe was one of the pyrite mineral oxidation products found in PAF rocks in Sangatta and Bengalon.
XRD analysis was done to determine the phase composition of the dried and pulverized rock core samples. Based on XRD results in
Fig. 4, PAF rock samples (Types 2-4) contained various minerals, namely quartz (SiO3), pyrite (FeSy), halloysite (Al3SioOs5(OH)4),
jarosite ((K,H30)Fe3(SO4)2(0OH)g), kaolinite (Aly(SioOs5)(OH)4), albite ((Na,Ca)Al(Si,Al)30g), butlerite (Fe(SO4)(OH)(H20)2), and
anatase (TiO2). The mineralogy of the PAF (Type 4) is relatively complex with several mineral phases. Pyrite is known to be one of the
minerals which was detected in the PAF (type 4) sample. In addition, there are also minerals that potentially can neutralize acids such
as silicate minerals (quartz) and albite. However, according to Ref. [55] stated that silicate minerals do not contain neutralizing cations
and albite has a very low dissolution rate and a minor cation exchange capacity. This causes the presence of these minerals does not
contribute significantly to neutralize acid mine drainage, especially in PAF samples (Type 4). From Fig. 5b, EDS spectrum analysis of
PAF (Type 4) sample detected peaks corresponding to Fe (mass 47.76%) and S (mass 52.24%). Both are the main elements contained in
the mineral pyrite. In addition, the elements Fe and S of the PAF sample surface by SEM mapping analysis was shown in Fig. 5a. It was
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Fig. 3. Characteristics of NAG solution treated with 7.5% and 15% H»0,: (a) pH; (b) total dissolved solids; (c) oxidation reduction potential (ORP);
(d) conductivity; (e) Fe concentration; and (f) Mn concentration.

confirmed that these elements were present on the surface of PAF (type 4) sample. In contrast, the NAF rock sample (Type 1) comprised
fewer minerals, namely quartz (SiO5), siderite (Fe(CO3)), Anatase (TiO3), Anatase (TiO3), kaolinite (Al»SioO5(OH)4), albite ((Na,Ca)Al
(Si,AD)30g), kaolinite (AlySi;O5(OH)4), Vaterite (CaCO3), and Rutile (TiO3). Pyrite occurred in PAF rock samples in a rounded, very
fine, and framboidal form (Fig. 5a). This framboidal shape is believed to be an important factor in the solution’s reaction with 7.5% and
15% H303. Ref. [56] described the reaction between mineral pyrite and hydrogen peroxide solution as follows:

FeS,+15 /2H,0, — Fe’* +280;” +H' + 7TH,0

As shown in Fig. 3f, the concentration of Mn in PAF was also highest in Type 4, ranging from 0.8 to 4.1 and 0.8-3.8 mg/L when
using 7.5% and 15% H304, respectively. However, Mn concentrations were lower than those of Fe.

Several studies have highlighted the importance of performing mineralogical analysis alongside static testing to determine the
behavior of rock samples during AMD potential tests [28,45,47,53,57-59]. Fig. 6(a-d) shows the change in temperature and pH of
different rock samples over time when reacting with 7.5% and 15% H205. The two Hy02 concentrations yielded similar changes in pH,
but significantly different changes in temperature. The addition of 15% H505 to Type 4 increased the temperature of the NAG solution
to a maximum of 71.3 °C in 42 min, whereas the addition of 7.5% H05 increased temperature to a maximum of only 43.1 °C in 54 min.
Maximum temperatures were reached when all other sulfide and sulfide minerals were oxidized. The oxidation of pyrite by the strong
oxidizing agent H20; is a catalytic exothermic decomposition reaction that releases thermal energy [60,61]. The catalytic decom-
position phase of the NAG test was triggered by metals such as Pb, Cu, Mn, and Fe [62-64]. According to Ref. [53], pyrite mineral
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Fig. 4. X-ray diffraction profile of one of the samples categorized as (a) PAF (Type 4); and (b) NAF (Type 1) from rock core sample.

oxidation ceases when Hy05 decomposition is complete. Both scenarios in Fig. 6a-d show that the solution required 150-180 min to
return to its initial temperature.

Although different in magnitude, all PAF samples (Types 2-4) exhibited similar temperature curves with the addition of 7.5% and
15% H305. This could be due to the relatively low TS concentration and framboidal minerals, which stimulated oxidation. Ref. [37]
concluded that the rate of pyrite mineral oxidation in the presence of HyOs is affected by several factors, namely particle size, sulfates,
organic material, clay rock type, temperature, other sulfides, unreacted pyrite, and the presence of carbonate minerals in the sample.
Therefore, H,O, with a concentration of 7.5% can be used for reliable, low-cost NAG tests in Indonesian coal mines with relatively low
TS concentrations (<5%) and minerals in framboidal form.

4. Conclusion

The NAG test can be used to determine AMD generation potential. This method is considered the easiest to use in mining operations
because it does not require TS analysis, allowing it to be conducted quicker and more easily than other tests. In this study, NAG tests



M.S. Abfertiawan et al. Heliyon 9 (2023) 18687

SEI  10kV WD11mm SS40

Pyrite
5500 —
5000 —

4500 —
4000 —

SKa —

3500 —
3000 —

Counts

2500 —
2000

1500 —
1000 —
500 —

0 —
I I | I
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7/

— Fela

e — FeKa

g P — FeKb

I I
8.00 9.00 10.00

keV
(b)

Fig. 5. (a) Scanning electron microscope images of typical pyrite framboids observed in potentially acid-forming samples (Types 4) and (b) EDS
spectrum of pyrite in graphic of pulverized rock core sample categorized as PAF (Type 4).

were performed on 564 rock samples from Sangatta and Bengalon to determine the differences in behavior and results between sample
reactions with 7.5% and 15% H30». Results showed that 7.5% and 15% H30- did not significantly differ in their effect on the potential
AMD generation classification of rock samples. In addition, the behavior of the NAG solution did not significantly differ between the
two H302 concentrations. This could be due to the relatively low TS concentration and framboidal minerals, which stimulated
oxidation. Therefore, H,O, with a concentration of 7.5% can be used for reliable, low-cost NAG tests in Indonesian coal mines with
relatively low TS concentrations (<5%) and minerals in framboidal form. Further testing is required to determine the effect of different
H>0- concentrations on sulfide minerals from mines with different characteristics.
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