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Abstract— The performance of limestone and anthracite coal 

were evaluated for the removal of pollutants from groundwater. 

The physical and chemical properties of two filter materials 

were characterised through X-Ray diffraction (XRD), X-Ray 

fluorescence (XRF), field emission scanning electron 

microscopy (FESEM) and Fourier transform infrared 

spectroscopy (FTIR). XRD analysis showed that the main peaks 

of calcite (CaCO3) are the predominant phase of limestone, 

whereas quartz and graphite are the crystalline phase of 

anthracite coal.  The presence of calcium oxide (CaO) as the 

major composition indicated that limestone demonstrates a 

good ability for cation exchange. FTIR spectrum analysis 

showed that the functional groups present on the limestone 

surface are mostly hydrophilic groups, and anthracite exhibits 

hydrophobic characteristic. Limestone has the potential to 

adsorb heavy metal pollutants, whereas anthracite has the 

capability to adsorb organic pollutants. Therefore, the two filter 

materials can be used as alternatives to remove pollutants in 

treating groundwater.   

 
Index Terms—Anthracite coal, filter media, groundwater, 

limestone.  

 

I. INTRODUCTION 

A filter material is a porous material placed in a filter 

column that separates the liquid and suspended particles and 

changes the water quality after flowing through the media. At 

present, sand [1], gravel, anthracite coal [2] and granular 

activated carbon [3] are the filter media commonly used in 

drinking water treatment plants (WTPs). Chaudhry et al., 

(2016) indicated that sand can remove heavy metals by 

coating the sand with Fe and Mn oxide [4]. This metal-based 

additive improves the performance of sand filter by 

increasing the surface area and its capability to remove heavy 

metals. Previous studies have proven that the utilisation of 

raw limestone as filter material is effective in removing 

heavy metals [5]-[9]. Aziz et al., (2001) reported that 

limestone has high carbonate content creating an alkaline 

condition for water samples [6]. An increase in pH may 

increase the removal of heavy metal ions in the water sample. 

Limestone with a rough surface provides solid contact to the 

low concentration of metal ions through chemisorption and 
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improves flocculation of Mn precipitates [10]. 

Since 1935, the state of Kelantan has fully established 

potable and drinking water consumption from groundwater. 

There were about 75% of the population in Kelantan that 

consume groundwater for domestic water supply, 

agricultural and human activities. However, the major 

portion of groundwater around Kelantan contains high 

concentration of Fe, which is above Malaysia Drinking 

Water Quality Standard [11]. Ozonation followed by post 

filtration method using anthracite coal has been applied at 

Pintu Geng WTP since 2013. Anthracite coal was imported 

from the United Kingdom, placed on the top layer of sand 

filter and traps large particles when the water comes in 

contact with the media during filtration. Shi et al., (2011) 

reported that anthracite contains the highest carbon content 

(90% to 100%) compared with lignite (60% to 75%) and hard 

bituminous coal (80% to 90%) [12]. Apart from having the 

highest carbon content, it has extremely low impurities. In 

this study, limestone and anthracite were selected as 

alternative filter materials in a WTP. 

The efficiency of a WTP in removing various types of 

pollutants depends on the effectiveness of the filter material 

placed in the filtration column. The filter material should be 

characterised to assess its compositions, surface morphology, 

and functional groups. A physical characteristic analysis 

includes surface structure and morphology, 

Brunauer–Emmett–Teller surface area and pore size, and 

chemical characteristic analysis includes functional group 

and chemical composition through XRD and XRF analyses 

[13]. FESEM is a magnification tool used to detect the 

microstructure, microcracks and mineral composition of a 

filter material [14]. FTIR is a technique widely used to 

identify the organic constituents of a geomaterial. This 

technique can differentiate the organic and inorganic 

functional groups. It can distinguish between aliphatic and 

aromatic carbon and hydrogen. XRD identifies the phases 

and determine the amounts of minerals present in a sample, 

and XRF measures the elemental compositions in a sample. 

This study aimed to identify the potential of selected filter 

materials, namely, limestone and anthracite, to improve the 

quality of contaminated groundwater. The characteristics and 

properties of filter materials prior to their application in 

column filtration were investigated. 

 

II. METHODOLOGY 

This section explains the methodology used in the present 

study. The selected filter materials and characteristic analysis 

are discussed. 

A. Preparation of Filter Media 
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The limestone used in this study was obtained from a 

marble industry located in Ipoh, Perak, whereas anthracite 

coal was purchased from Malaysian Coal and Minerals 

Corporation Sdn Bhd located at Gebeng, Kuantan Pahang. 

The two filter materials were sieved to pass through an 

aperture size of 1.18 mm and retain in 2 mm size. The 

selected size of anthracite media is based on the effective 

anthracite size from 1.4 mm to 2.5 mm, which is used as the 

filter medium at the Pintu Geng WTP, Kelantan, Malaysia.  

B. Characterization of the Filter Media 

The characteristics of limestone and anthracite coal filter 

materials were determined in terms of elemental 

compositions, surface morphology and functional groups. 

Various analyses, including XRD, XRF, FESEM and FTIR, 

were conducted at the School of Material Engineering 

Laboratory, Universiti Sains Malaysia.  

1) X-ray diffraction (XRD) 

Analysis was conducted using a Bruker D8 Advance X-ray 

diffractometer. The two materials were grounded to fine 

particle size (< 0.75 μm) for preparing the samples using 

mortar and pestle. Powdered sample (1 g) was placed in an 

intense X-ray beam, and a pattern from X-ray diffraction 

intensities of 2θ was produced. The minerals in the sample 

were identified by scanning at an angle of 2θ and comparing 

with the standard reference patterns. 

2) X-ray fluorescence (XRF) 

XRF is an instrument used to determine the chemical 

compositions of a material. The energy absorption of the 

individual atoms of the sample was confirmed using an XRF 

spectrometer (RIX 3000, Rigaku). Approximately 25 g of 

limestone powder was pulverised into a fine powder (0.75 

µm), whereas anthracite powder was mixed with a fibrous 

cellulose powder (CF11) to act as a binder for spectroscopy 

analysis. The standard procedure of elemental analysis was 

performed in accordance to American Society for Testing 

and Materials (ASTM) E1621-05 standard. 

3) Fourier transform infrared (FT-IR) 

The functional group and chemical compound of the 

materials were analysed using a Perkin Elmer 2000 Fourier 

transform infrared spectrometer in accordance with the 

ASTM E1252-98 standard. The FTIR instrument generates 

an infrared absorption spectrum to produce the profile 

spectra and detects the chemical bonds of the sample. 

Approximately 2–3 mg of the fine media (<75 µm) dry 

sample was mixed with 200 mg of potassium bromide. Then, 

the mixture was ground into fine powder using impact mortar 

and pestle. The mixture sample was uniformly transferred 

into the cylinder bore at a pressure of 10 tons. Then, a thin 

film pellet of the sample was produced and inserted into the 

sample compartment for scanning using a computerised 

FTIR machine and analysed on Spectrum version 5.0.2. The 

spectrum was displayed on the screen, where the peak 

indicates the functional group of the sample. The peak of the 

profile spectra was used to analyse the functional groups 

contained in the sample on the basis of infrared spectroscopy 

absorption table. 

4) Field emission scanning electron microscopy (FESEM) 

analysis  

FESEM is a magnification tool that scans the image of a 

sample to produce its surface morphology and composition 

using a Zeiss Ultra-35 VP scanning electron microscope. In 

this study, limestone and anthracite, with particle size 

between 1.18 mm to 2 mm, were rigidly mounted to a 

specimen holder. The sample was coated with a thin layer of 

gold (1.5–3.0 nm) through spun coating to prevent charging 

of the sample when electron is emitted. Then, the sample 

holder was placed into the mounting holes and scanned to 

obtain the images. The sample can be detected by adjusting 

the magnification to the range of 500 KX to 10 KX on the 

basis of the ASTM E1951-02 standard. 
 

III. RESULT AND DISCUSSION 

In this research, the characteristics of limestone and 

anthracite were analysed in terms of their elemental 

compositions, surface morphology and functional groups. 

The results of each analysis are discussed as follows.  

A. X-Ray Diffraction (XRD) and X-Ray Fluorescence 

(XRF) Analysis 

XRD analysis was used to identify the crystalline material 

and mineralogy of materials in accordance to ASTM 

S5357-03. Fig. 1 and Fig. 2 present the XRD patterns of raw 

limestone and anthracite coal, respectively. The presence of 
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Fig. 1. X-ray diffractograms pattern of limestone. 
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Fig. 2. X-ray diffractograms pattern of anthracite coal. 

 

Calcite, which is consist of alternating Ca2+ and CO3
2− , 

generates polar and hydrophilic surfaces that interact through 

electrostatic interaction and hydrogen bonding [15]. 

Electrostatic interaction occurs between calcium at the 

surface (positive charge) and oxygen in hydroxyl (negative 
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CaCO3 (ICDD No: 01-089-1304), as a predominant phase of 

limestone, is shown in Fig. 1. 



  

charge). Hydrogen bonding occurs between oxygen in the 

calcite surface (negative charge) and hydrogen in the 

hydroxyl group (positive charge) [16]. [17] stated that a 

negative charged surface has the potential to develop a 

number of adsorption mechanisms, such as instance cation 

bridging, hydrogen bond and Van der Waals interaction. A 

positive charged surface can create adsorption interactions, 

such as hydrogen bonding, chelation and electrostatic 

interaction. Thus, this particular characteristic in limestone is 

suitable to immobilise charge ontaminants during adsorption 

[18]. The presence of CaCO3 in limestone increases the 

removal of Fe and Mn through metal precipitation [10]. The 

results of XRF analysis demonstrate that limestone contains 

Ca, Mg, Si and Al in the form of oxide concentrations of 

54.83% (equivalent to 97.91% CaCO3), 0.87%, 0.86% and 

0.16%, respectively. CaCO3 (97.91%) is found in limestone, 

showing that limestone does not contain impurities and can 

be classified as a pure limestone [19]. 

As shown in Fig. 2, the anthracite coal originates from 

quartz (ICDD No: 01-089-8935) and graphite (ICDD No: 

01-075-2078) crystalline phases. Quartz appearing at 37.20° 

is assigned as calcium silicate [12]. The main element present 

in anthracite is carbon. XRF analysis shows that anthracite 

contains more than 92% of carbon with low impurities, such 

as 6.224% SiO, 0.618% Fe2O3, 0.496% SO3, 0.24% K2O, 

0.109% TiO2 and other impurities. The high percentage of 

carbon content in anthracite indicates its hydrophobicity. 

Anthracite is formed under high pressure and temperature 

and possesses the characteristics, including well-ordered 

graphitic structure, high carbon content and high density 

compared with other coal sources [20]. Anthracite is a 

mineral with rich hydrophobic surface [21], [22]. Anthracite 

is suitable for the adsorption of hydrophobic/nonpolar 

portion of chemicals, such as natural organic matter, because 

of these characteristics. The affinity between nonpolar and 

other nonpolar materials is known as hydrophobic interaction 

[17]-[23]. 

B. Fourier Transform Infrared (FT-IR) 
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Fig. 3. FTIR spectrum of limestone. 

 

Figs. 3 and 4 show the FTIR analysis results of raw 

limestone and anthracite coal. As shown in Fig. 3, the 3455 

cm−1 peak is located from 3200 cm−1 to 3500 cm−1 

frequencies, corresponding to the strong stretching of 

hydroxyl group (O-H) in alcohol. The peak at 2516 cm−1 is 

observed. This peak matches with the hydroxyl (O-H) 

stretching of carboxylic acids in the frequency ranging from 

3300 cm−1 to 2500 cm−1. The characteristics of limestone 

composed of calcite are found at 875 and 712 cm−1 bands 

[24], [25]. The limestone used in this study has rich 

hydrophilic/polar functional groups. The hydroxyl group is 

known to possess the ability to attract heavy metal 

contaminants [26]. The presence of other polar groups, such 

as C=O and carbonate groups, assists in the adsorption of 

cationic contaminants, such as heavy metals. The oxygen in 

the hydroxyl and C=O is negatively charged, making it 

suitable site for the immobilisation of Fe and Mn ions via 

electrostatic interaction. The presence of small amount of 

C-H and C-C groups, which are known for their hydrophobic 

nature, positively influences the capability of limestone to 

adsorb contaminants via hydrophobic interaction [15]. 
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Fig. 4. FTIR spectrum of anthracite coal. 

 

FTIR analysis shows that anthracite is a predominant coal 

in the functional group of aromatics, as shown in Fig. 4. The 

band at 1580 cm−1 is attributed to the C=C stretching of an 

aromatic ring. A functional group of an alkane with medium 

C-H bending is detected at 1385 cm−1. Primary alcohol with 

C-O strong stretching appears at 1077 cm−1. The functional 

group of alkyl aryl ether with strong stretching C-O overlaps 

the amine group with medium C-H stretching at the 1032 

cm−1 band. At the 797 cm−1 band, the alkene compound with 

medium bending of C=C overlaps C-H. Shi et al., 2011 

reported that anthracite has a major functional group of 

aromatic C-O, aromatic C-C and aromatic C-H [12]. They 

found that the quantitatively estimated functional group 

shows the aromatic functional group in descending order; 

C-C (69.9%) > C-H (29.6%) > C-O (1.4 %). The functional 

groups present on anthracite surface are mostly hydrophobic 

groups (C-C, C-H) [22]. The existence of hydrophilic 

functional group (C-O) is significant. Thus, anthracite can be 

used as an adsorbent to immobilise organic and inorganic 

contaminants. 

C. Field Emission Scanning Electron Microscopy 

(FESEM) Analysis (FT-IR) 

The surface structures of limestone and anthracite are 

shown in Fig. 5 and Fig. 6. Calcite has a smooth surface, 

various irregular shapes and with some cracks on the 

adsorbent surface at room temperature. The SEM image of 

limestone sample (Fig. 5) shows the crack between the 

connection of calcites and some cracks within the crystal on 

surface morphology. The crack can enlarge and a new crack 

can be produced with the increase in temperature. The pore 

appears in limestone because of CaO, which agrees well with 

the XRF result, as shown in [14]. Hakim et al., (2017) 
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indicated that pore and crack are directly proportional to 

temperature [15]. By contrast, various sizes of nonuniform 

irregular flakes with uneven texture are found on the surface 

structure of anthracite coal (Fig. 6). Some fragments and 

scraps appear on the anthracite coal surface. 
 

 
Fig. 5. Surface morphology of limestone. 

 

 
Fig. 6. Surface morphology of anthracite coal. 

 

IV. CONCLUSION 

Limestone and anthracite are suitable as good adsorbents, 

and the differences in their characteristics enable them to 

adsorb different types of adsorbate. Limestone has rich 

hydrophilic groups (O-H and C=O) and has the capability to 

adsorb Fe and Mn. The functional groups present on the 

anthracite surface are mostly hydrophobic groups (C-C and 

C-H), which are beneficial for adsorbing organic compounds 

[21]. Regarding the limestone characteristics, its high 

carbonate content creates an alkaline condition for 

contaminated groundwater and increases the removal of Fe 

and Mn in water samples [10]. Therefore, the proposed media, 

limestone and anthracite are good media as filter, as 

limestone is good to remove heavy metals and anthracite is 

good to remove organic matter.  Thus, the two adsorbents can 

be used as alternatives to treat groundwater.  
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