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Abstract: The Karangkandri PLTU (Steam Power Plant) Industry in Cilacap is one of the large 

industries in the Cilacap industrial area which has abundant coal burning waste in the form of fly 

ash. The excess fly ash from PLTU Karangkandri can be used for adsorption of polluted phosphate 

ions in the Donan River. The aim of this research is to determine the characterization of fly ash as 

an adsorbent using FTIR (Fourier Transform Infra-Red), XRD (X-Ray Diffraction) and XRF (X-

Ray Fluorescence) instruments and its ability to adsorb phosphate ions in polluted water sample. 

The first stage of this research was to take water samples from the Donan River at the 3 most 

polluted points. The second stage was to activate fly ash using wet grinding and hydrothermal 

methods as well as characterization of fly ash using FTIR, XRD and XRF instruments. Then the 

effectiveness of the fly ash adsorbent in adsorbing phosphate ion tested by using the spectrometric 

method. The analysis was carried out with the influence of mass variations in the adsorbent of 50, 

100, 150, and 200 grams per 500 ml of water sample. This research found that activated fly ash by 

greener activation can removed 82,8% phosphate ion with 0,5g fly ash, removed 72.4% phosphate 

ion with 1 gram fly ash, removed 77.6% phosphate ion with 2 grams of fly ash. And the best one 

is 5 grams of fly ash can remove 93.2% phosphate ion. 
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Introduction 

Sources of clean water on earth are decreasing and are predicted to experience 

scarcity by 2050, this is due to the large amount of technological growth that is not 

balanced with correct enviromental management [1]. It is estimated that 80% of waste is 

directly returned to the environment without any processing [2] and rivers are one of the 

water sources that are mainly affected by the disposal of this waste [3]. River pollution has 

a negative impact on human health and environmental health [4]. 

The adverse impacts caused by river pollutant waste can be in the form of B3 liquid 

waste, namely hazardous waste whose quantity, concentration, physical and chemical 

properties can cause disease for humans and animals living around the river 

environment[5]. 

The Donan River is the largest river that surrounds the Cilacap City, its flow passes 

through a large industrial area, namely PT. Pertamina RU IV Cilacap, PT. Holcim 
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Indonesia Tbk Cilacap, and home industries [6]. The Donan River empties into Segara 

Anakan before heading to the sea, so it is important to research the status of its water 

quality standards every year in order to preserve the biota and maintain the health of the 

water environment [7]. In 2024 the level of pollution in the Donan River will increase to 

moderately polluted compared to the previous year, the water quality parameters BOD, 

COD, TSS, TDS for oil and detergent are heavily polluted, then the presence of heavy 

metal ions and phosphate does not meet class III water quality standard[8]. This pollution 

causes the biota population in the waters of the Donan River to be polluted [9],[10]. 

The Research Team have also carried out an introduction regarding the presence of 

pollution in several water quality standard parameters (BOD, COD, Dissolved Oxygen, 

Phosphate, nitrate, Pb and Cd) with sampling data can be seen in the Table 1. 

 

Table 1. Sampling results of several water parameters (mg/l) in the Donan River 

Water 

Parameters 

(mg/l) 

Site point 

(7°42'43.11

"S 

108°59'26.29"T) 

Class (III) 

water quality 

standards 

BOD 12 6 

COD 40.5 40 

DO 7,6 3 

Phosphate 1,343 1 

Nitrate 4,24 10 

Pb 0.184 0,05 

Cd 0.0066 0,01 

 

Based on the data in Table 1, preliminary research carried out by researchers shows 

that there is phosphate ion pollution in the Donan River which is classified as quite 

polluted because it does not meet the threshold for class III water quality standards. As is 

known, phosphate is an important element for plant growth [11], but increasing phosphate 

concentrations in rivers causes excessive algae growth and causes a reduction in dissolved 

oxygen in the water, resulting in ecosystem damage [12], [13]. Therefore, it is important 

to maintain river environment from phosphate pollution. 

On the other hand, PLTU Cilacap has abundant fly ash waste which can be used as 

an adsorbent to absorb phosphate ions [14] in Donan river water samples. Before being 

used as a fly ash adsorbent, it is activated using wet grinding and hydrothermal methods, 

this method is ecofriendly method  compared with conventional acid-based method, for 

example using sulfuric acid or HCl which often produce hazardous resiues and corrosion 

issues, this methode also produce little waste which functions effectively to remove 

impurities in fly ash so that it can carry out more optimal adsorption [15]. Fly ash is ground 

to a size of 250 mesh, then soaked with NaOH, this aims to reduce the size of the fly ash 

and remove impurities in the fly ash [16][17]. Hence, this research focuses on the 
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characterization of greener-activated fly ash derived from coal combustion waste and its 

application as a sustainable adsorbent for reducing phosphate contamination in Donan 

River water sample. 

 

Materials and Methods 

Materials 

X-Ray Diffraction (XRD) data for powder samples were collected on Philip Analytical 

X-Ray B.V., Shimadzu IRPRestige-21 spectrophotometer in the wave number range of 

4000-400 cm⁻¹ , X-Ray Fluorescence (XRF) analysis was performed using a Bruker S8 Tiger 

sequential wavelength-dispersive spectrometer equipped with a Rh anode X-ray tube, 

operating at 4 kW for multi-elemental analysis of solid samples Mortar, Oven 

(GallenKemp), Furnace (VulcanTM seri A-300), 200 Mesh-Sieve, Hotplate Magnetic Stirrer 

(Rexim RSH-IDR As One), Magnetic Stirrer (Spinbar), Sibata Waterbath Shaker (WS-120), 

analytical balance (Mettler AE 200), three neck flask with condenser, water pump, mercury 

thermometer, desiccator, flash point determination device (Clevand BBS product type 

BAP-243), and other research glassware according to work procedures.  

The materials used include fly ash obtained from PLTU Karangkandri Cilacap, 

Donan river water samples, NaOH 1M, distilled water, aquabides, filter paper, High 

Density Polyethylene (HDPE) 1000ml.The tools used in this research include an oven, 

250 mesh sieve, erlenmeyer glass, beaker, measuring cup, analytical balance, watch glass, 

pH meter and spatula, pipette, volume pipette, grinder, magnetic stirrer, and furnaces. 

 The materials used include fly ash obtained from PLTU Karangkandri Cilacap, 
Donan river water samples, NaOH 1M, distilled water, aquabides, filter paper, High 

Density Polyethylene (HDPE) 1000ml.The tools used in this research include an oven, 
250 mesh sieve, erlenmeyer glass, beaker, measuring cup, analytical balance, watch glass, 
pH meter and spatula, pipette, volume pipette, grinder, magnetic stirrer, and furnaces.  

 

Sampling and analysis for the presence of phosphate ions 

Based on the preliminary analysis showing phosphate contamination in the Donan 

River, further research was conducted to explore the potential of fly ash as an adsorbent 

material. Donan River water samples were taken from the three most polluted points[18] 

. In the next stage, 1 kg of coal fly ash is washed using distilled water, then in the oven for 

180 minutes at a temperature of 100ᵒC [19] . Testing for the presence of phosphate ion was 

carried out using the Spectrometry method at BKLPP Yogyakarta. 

 

Fly ash adsorbent activation 

Activation of coal fly ash is carried out by first sieving the fly ash with a 250 mesh sieve to 

obtain a homogeneous particle size, then soaking it with NaOH[20] .  Next, the fly ash 

dried and heated in a furnace at a temperature of 550ᵒC[21]. 

The mixture then filtered and washed with aquabides until the filtrate was neutral (pH=7) 

[22]. The activated fly ash (AFA) solid then dried at room temperature. The coal fly ash 

adsorbent is ready to be used and characterized by FTIR, XRD and XRF to determine its 
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constituent structure [22]. The characteristics of fly ash before and after activation was 

carried out using FTIR, XRD and XRF methods at Gadjah Mada University, Yogyakarta 

Testing the effectiveness of fly ash and the effect of variations in its mass on the 

adsorption of Donan River water samples contaminated with metal phosphate ions 

The test begins by taking 500 ml of each metal-contaminated Donan River water sample 

solution, adding a buffer solution at the optimum pH, then adding activated fly ash with 

mass variations of 50, 100, 150 and 200 grams. The mixture was stirred for 60 minutes at 

room temperature, then filtered and the filtrate obtained was analyzed to determine the 

reduction in phosphate ion concentration using spectrometry. For the control solution at 

each mass variation, the same procedure was carried out but without the addition of 

adsorbents [23]. All of the method can be showed in Figure 1. 

 

 
 

Figure 1. Diagram of the method 

 

Results and Discussions 

Analysis of Phosphate Pollution Levels in the Donan River  

The study began with sample collection at several sampling points along the Donan River. 

The locations for monitoring the water quality of the Donan River were as follows: a 

natural water source at a location with minimal or no pollution (Point 1), polluted water 

sources at locations affected by waste contamination (Points 2 and 3), and the area where 

the river flows into the sea. 

https://journal.uii.ac.id/Eksakta


 

EKSAKTA|journal.uii.ac.id/eksakta                                              139                                        October 2025, Volume 6, Issue 2, 135-145 
 
 

Copyright © 2024by Authors.Lisencee Universitas Islam Indonesia. This is an Open Access article distributed under 
the terms of the Creative Commons Attribution License (CC BY-SA 4.0 License) 

 
  

DOI :  

In this case, the natural water source was sampled at Point 1, located at 7°43'43.59"S, 

108°59'15.99"E (Saliwangi Village, Tritih Kulon, North Cilacap). The polluted water 

sources were sampled in the industrial and urban areas of Cilacap, specifically at Points 2 

and 3, located at 7°42'43.11"S, 108°59'26.29"E and 7°40'43.15"S, 109°0'8.55"E, 

respectively. The water samples were tested at BPPTKL Yogyakarta. The sampling results 

from these three points are shown in Figure 2. 

 

 
Figure 2. The graphic of contamination phosphate in three sites of Donan River 

 

 From the data, it can be observed that phosphate ion pollution in the Donan 

River in sampling point 1 count 1.285mg/L, point 2 showed 1.343 mg/L and point 3 

showed 0,846mg/L, The phosphate ion in sampling point 2 has exceeded the permissible 

threshold for Class III water quality standards. Phosphate is an essential element for plant 

growth [11]; however, an increase in phosphate concentrations in rivers leads to excessive 

algae growth, which reduces dissolved oxygen levels in the water and causes ecosystem 

damage [24]. Some algae species produce toxins harmful to other aquatic organisms, and 

their proliferation can cover the water's surface, thereby reducing sunlight penetration and 

dissolved oxygen levels in the water. This highlights the importance of preventing 

phosphate pollution in aquatic environments [25] . 

Adsorbent Characterization 

In this study, the focus is on managing phosphate waste. The researchers created 

synthetic phosphate waste with a concentration equivalent to the highest level of 

phosphate pollution in the Donan River, measured at 1.343 mg/L. the water sample  

adsorbed using fly ash activated through a greener activation method. This process 

involved soaking the fly ash to NaOH, followed by heating it in a furnace at 750°C 

[26].The mixture was subsequently filtered and washed with aquabidest until the filtrate 

reached a neutral pH (pH = 7) after the addition of NaOH. The activated fly ash solids 

were dried at room temperature. The prepared coal fly ash adsorbent was then was formed. 

The bending vibration of OH shifted from 1644.4 cm⁻¹ to 1640.4 cm⁻¹ after activation with 

NaOH. There was also a shift in the Si-O-Si bond from 1014.6 cm⁻¹ to 1096 cm⁻¹, and the 
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Fe-O-Si bond shifted from 693.4 cm⁻¹ to 697.6 cm⁻¹. This indicates that NaOH activation 

caused changes in the bonding structure of the fly ash components 

 
Figure 3. FTIR spectra of fly ash before and after activation 

 

 
Figure 4. The XRD difraktograms before and after Greener Activation 

  

 Activation with NaOH alters both the physical and chemical structure of coal fly 

ash, increasing its surface area and porosity. This enhancement allows the material to 

adsorb more substances or contaminants [22]. However, an excessive NaOH 

concentration can reduce the adsorptive capacity of fly ash, making 1 M NaOH the most 

effective concentration for fly ash activation. The OH wavenumber was 3749.66 cm⁻¹ for 

raw fly ash (FA) and 3746.8 cm⁻¹ for the activated sample. The structural differences 
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between NaOH and hydrothermal activation were analyzed using XRD, with the results 

can be seen in Figure 4. 

 The difraktograms of before and after still appear, specifically the peaks at 2θ 

26.67° and 33.33° with d-spacing of 3.34 and 2.68, which correspond to quartz peaks. 

Meanwhile, the mullite peak appears at 43.042° with d-spacing of 1.828 and 2.297. This 

indicates that NaOH activation does not destroy the main structure of the fly ash 

components. NaOH activation decreases the crystallinity of the fly ash, making it more 

amorphous. This more amorphous structure has more active sites, thereby increasing the 

adsorption capacity of the fly ash for pollutants [27], [28]. And then the last 

characterization by XRF shows Table 2. 

 

Table 2. The constituent compounds of coal fly ash 

Compounds FA AFA 

SiO2 33.46 26.97 

Al2O3 15.49 16.32 

Fe2O3 11.55 12.10 

CaO 19.23 21.02 

MgO 7.32 7.62 

SO3 0.76 0.17 

K2O 0.96 0.77 

Na2O 1.98 3.06 

 

 The analysis using XRF shows that activation leads to a reduction in SiO2. The 

alkaline hydrothermal process applied to fly ash can transform the main component of 

quartz and amorphous phases into zeolite-like material containing sodalite, mullite, and 

zeolite minerals [20]. The activation and hydrothermal treatment open up the active sites 

of the fly ash. The increae of active sites observed in AFA pimaly refers to the formation 

and exposure of basic surface functional groups (-O and -OH) and exchangeable cations 

resulting from alkaline hydrothermal activation. These sites enhance the surface reactivity 

toward anionic species such as phosphate ions, the transformation from amorphous SiO₂ 

and Al₂O₃ phases into zeolite-like aluminosilicate frameworks (containing sodalite and 

mullite) creates more porous structures with higher surface area and accessible active 

centers[29]. The amount of Na2O in the activated fly ash increased, providing evidence 

that the activation process has been successfully carried out. 

 After the fly ash was activated, it was contacted with synthetic water contain 

phosphate ion waste, where the sample water was adjusted to 1.343 mg/L. A 500 mL 

water sample was contacted with each ratio of activated fly ash (AFA) of 0.5, 1, 2, and 5 

grams. The water and AFA adsorbent were mixed manually for 5 minutes, the results can 

be seen in Figure 5. 

 From the Figiure 5, it is clearly seen that by using AFA, 1.343 mg/L of phosphate 

ions can be adsorbed and leaving only 0.09 mg/L in the water sample. This indicates that 

https://journal.uii.ac.id/Eksakta
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the maximum adsorption occurs at 5 gram of fly ash which can adsorbed 93.2% of the 

phosphate ion contamination.  

 

 
 Figure 5. The adsorption of phosphate using AFA in various mass 

 

Table 3. The calculation adsorption of phosphate using AFA in various mass 

 

 Other results show that the activated fly ash can remove 82,8% of phosphate ions 

with 0.5 grams of fly ash, 72,4 % with 1 gram of fly ash, and 77,6% with 2 grams of fly 

ash. The phosphate ion sample was present in 500 mL of waste water. The adsorption 

performance of AFA obtained in this study, which achieved 93.2% phosphate removal at 

an initial concentration of 1.343mg/L is comparable or even higher than previous studies. 

Earlier works utilizing acid base activation or fusion hydrothermal modification generally 

produced phosphate removal efficiencies ranging 80% to 90% but often involved the use 

of strong acid such as H2SO4 or HCl, which generated hazardous residues and require 

more complex processing conditions[30][31]. In contrast, the greener NaOH based 

activation method used in this research produced similar or better adsorption efficiency 

while minimizing chemical waste and energy input. Furthermore the enhanced adsorption 

capacity of AFA can be attributed to the increase formation of surface active sites and the 

transformation of amorphous SiO2 and Al2O3 phases into zeolite like aluminosilicate 

structures with hgher porosity and reactivity[29]. These findings demonstrate that the 

activation process applied in this study is both effective and environmentally sustainable 

for phosphate removal from aquatic system. 

Mass of 

Adsorbent  

(g) 

Remaining phosphate 

(mg/L) 

Adsorbed 

phosphate  

(mg/L) 

Adsorbed 

phosphate 

(%) 

0.5 0.23 1.113 82.8 

1 0.37 0.973 72.4 

2 0.3 1.043 77.6 
5 0.09 1.253 93.2 
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Conclusion 

 This research found that phosphate pollution in the Donan River has exceeded 

the permissible threshold for Class III water quality standards with amount 1.343mg/L. 

Then activated fly ash by greener activation can removed 82,8% phosphate ion with 0,5g 

fly ash, removed 72.4% phosphate ion with 1 gram fly ash, removed 77.6% phosphate ion 

with 2 grams of fly ash. And the best one is 5 grams of fly ash can remove 93.2% phosphate 

ion. However, the characterization of FTIR, XRD and XRF showed there were some 

differences of fly ash before and after the activation. 

 

Acknowledgement 

This research received funding from hibah Kemdikbud Ristek Dikti 2024 named 

PDP (Penelitian Dosen Pemula 

 

References 

[1] A. Boretti and L. Rosa, “Reassessing the projections of the World Water Development 
Report,” npj Clean Water, vol. 2, no. 1, 2019, doi: 10.1038/s41545-019-0039-9. 

[2] I. Benkov, M. Varbanov, T. Venelinov, and S. Tsakovski, “Principal Component Analysis 
and the Water Quality Index—A Powerful Tool for Surface Water Quality Assessment: A 
Case Study on Struma River Catchment, Bulgaria,” Water (Switzerland), vol. 15, no. 10, 

2023, doi: 10.3390/w15101961. 
[3] S. Bhatt et al., “Jo ur of,” Results Eng., p. 102007, 2024, doi: 

10.1016/j.rineng.2024.102007. 
[4] T. H. Nguyen, B. Helm, H. Hettiarachchi, S. Caucci, and P. Krebs, “Quantifying the 

information content of a water quality monitoring network using principal component 
analysis: A case study of the freiberger mulde river basin, Germany,” Water (Switzerland), 

vol. 12, no. 2, 2020, doi: 10.3390/w12020420. 
[5] K. Wieczorek, A. Turek, M. Szczesio, and W. M. Wolf, “A holistic approach to the 

spatio-temporal variability investigation of the main river water quality – The importance 
of tributaries,” Sci. Total Environ., vol. 906, no. October 2023, 2024, doi: 

10.1016/j.scitotenv.2023.167588. 
[6] N. D. Takarina, A. I. S. Purwiyanto, and Y. Suteja, “Cadmium (Cd), Copper (Cu), and 

Zinc (Zn) levels in commercial and non-commercial fishes in the Blanakan River Estuary, 
Indonesia: A preliminary study,” Mar. Pollut. Bull., vol. 170, no. February, p. 112607, 

2021, doi: 10.1016/j.marpolbul.2021.112607. 

[7] H. Asy’ari, “No Title空間像再生型立体映像の 研究動向,” Nhk技研, vol. 151, no. 

september 2016, pp. 10–17, 2015, doi: 10.1145/3132847.3132886. 
[8] A. R. Utami, B. Widigdo, and Sulistiono, “Characteristics of the aquatic environment as 

a basis for brackish water pond development in the Cilacap Regency Area,” IOP Conf. Ser. 

Earth Environ. Sci., vol. 1260, no. 1, 2023, doi: 10.1088/1755-1315/1260/1/012027. 

[9] R. Nur Afi Ati et al., “Ecological status of threatened mangroves Ceriops decandra and 

Merope angulata in mangrove ecosystem Segara Anakan Lagoon, Central Java, 
Indonesia,” BIO Web Conf., vol. 70, 2023, doi: 10.1051/bioconf/20237003001. 

[10] K. Pangastuti, H. Effendi, Sulistiono, and G. Prayoga, “Distribution of heavy metals (Ag, 
Hg, Cd) concentration and the pollution status in the western part of Segara Anakan 
Lagoon, Indonesia,” IOP Conf. Ser. Earth Environ. Sci., vol. 950, no. 1, 2022, doi: 

10.1088/1755-1315/950/1/012051. 
[11] D. M. B. Sitepu, I. Y. Perwira, and I. W. D. Kartika, “Kandungan nitrat dan fosfat pada 

air di Sungai Telagawaja Kabupaten Karangasem, Bali,” Curr.Trends Aq. Sci, vol. 10, no. 

https://journal.uii.ac.id/Eksakta


 

EKSAKTA|journal.uii.ac.id/eksakta                                              144                                        October 2025, Volume 6, Issue 2, 135-145 
 
 

Copyright © 2024by Authors.Lisencee Universitas Islam Indonesia. This is an Open Access article distributed under 
the terms of the Creative Commons Attribution License (CC BY-SA 4.0 License) 

 
  

DOI :  

2, pp. 1–7, 2021. 
[12] K. T. Utami and S. Syafrudin, “Pengelolaan Limbah Bahan Berbahaya Dan Beracun (B3) 

Studi Kasuspt. Holcim Indonesia, Tbk Narogong Plant,” J. Presipitasi  Media Komun. dan 

Pengemb. Tek. Lingkung., vol. 15, no. 2, p. 127, 2018, doi: 10.14710/presipitasi.v15i2.127-

132. 
[13] J. Mokrzycki et al., “Copper ion-exchanged zeolite X from fly ash as an efficient adsorbent 

of phosphate ions from aqueous solutions,” J. Environ. Chem. Eng., vol. 10, no. 6, 2022, 

doi: 10.1016/j.jece.2022.108567. 
[14] Y. Abdellaoui et al., “Synthesis of zirconium-modified Merlinoite from fly ash for 

enhanced removal of phosphate in aqueous medium: Experimental studies supported by 
Monte Carlo/SA simulations,” Chem. Eng. J., vol. 404, no. July 2020, p. 126600, 2021, 

doi: 10.1016/j.cej.2020.126600. 

[15] L. Yang, T. Jiang, P. Xiong, S. Yang, M. Gao, and T. Nagasaka, “Green activating silica-
alumina insoluble phase of fly ash to synthesize zeolite P with high adsorption capacity 
for Pb(II) in solution,” Adv. Powder Technol., vol. 34, no. 2, p. 103938, 2023, doi: 

10.1016/j.apt.2023.103938. 
[16] L. Ma et al., “Mechanism study on green high-efficiency hydrothermal activation of fly 

ash and its application prospect,” J. Clean. Prod., vol. 275, p. 122977, 2020, doi: 

10.1016/j.jclepro.2020.122977. 
[17] I. Desianti, Rahmaniah, and S. Zelviani, “Karakterisasi Nanosilika dari Abu Terbang 

(Fly Ash) PT. Bosowa Energi Jeneponto Dengan Menggunakan Metode Ultrasonic,” JFT 

J. Fis. dan Ter., vol. 5, no. 2, pp. 101–108, 2018. 

[18] G. Prayoga, S. Hariyadi, Sulistiono, and H. Effendi, “Heavy metal (Pb, Hg, Cu) 
contamination level in sediment and water in Segara Anakan Lagoon, Cilacap, 
Indonesia,” IOP Conf. Ser. Earth Environ. Sci., vol. 744, no. 1, 2021, doi: 10.1088/1755-

1315/744/1/012055. 

[19] R. Barlina and D. Torar, “Diversifikasi Produk Virgin Coconut Oil ( VCO ) Products 
Diversification of,” Balai Penelit. Tanam. Kelapa dan Palma Lain, pp. 1–12, 2002. 

[20] A. R. Fashtali, M. Payan, P. Zanganeh Ranjbar, E. Khaksar Najafi, and R. Jamshidi 
Chenari, “Attenuation of Zn(II) and Cu(II) by low-alkali activated clay-fly ash liners,” 
Appl. Clay Sci., vol. 250, no. July 2023, p. 107298, 2024, doi: 10.1016/j.clay.2024.107298. 

[21] M. Mudasir, K. Karelius, N. H. Aprilita, and E. T. Wahyuni, “Adsorption of mercury(II) 
on dithizone-immobilized natural zeolite,” J. Environ. Chem. Eng., vol. 4, no. 2, pp. 1839–

1849, 2016, doi: 10.1016/j.jece.2016.03.016. 
[22] D. N. Rohmah, N. H. Aprilita, and M. Mudasir, “Modification of Coal Fly Ash with 

Dithizone for Adsorption of Ni(II) Metal Ion,” Key Eng. Mater., vol. 927, pp. 20–27, 2022, 

doi: 10.4028/p-194e0w. 
[23] B. N. Huda, E. T. Wahyuni, and M. Mudasir, “Eco-friendly immobilization of dithizone 

on coal bottom ash for the adsorption of lead(II) ion from water,” Results Eng., vol. 10, no. 

April, p. 100221, 2021, doi: 10.1016/j.rineng.2021.100221. 
[24] S. L. Kareem, W. S. Jaber, L. A. Al-Maliki, R. A. Al-husseiny, S. K. Al-Mamoori, and 

N. Alansari, “Water quality assessment and phosphorus effect using water quality indices: 
Euphrates River- Iraq as a case study,” Groundw. Sustain. Dev., vol. 14, p. 100630, 2021, 

doi: 10.1016/j.gsd.2021.100630. 
[25] C. Yan, D. Peng, X. Chen, Y. Zhang, H. Liu, and H. Xu, “Recovery of phosphate and 

removal of Cr(VI) from water by calcium-modified panda manure biochar: Synergistic 
effect of adsorption and reduction,” J. Taiwan Inst. Chem. Eng., vol. 170, no. November 

2024, 2025, doi: 10.1016/j.jtice.2025.106015. 
[26] L. K. O. K. Seng, “Extraction of Heavy Metals using Dithizone Method on Seawater,” 

vol. 2, no. Cd, pp. 429–434, 2018. 
[27] X. Guo, Z. Zhao, X. Gao, Y. Dong, H. Fu, and X. Zhang, “Study on the adsorption 

performance of modified high silica fly ash for methylene blue,” RSC Adv., vol. 14, no. 30, 

https://journal.uii.ac.id/Eksakta


 

EKSAKTA|journal.uii.ac.id/eksakta                                              145                                        October 2025, Volume 6, Issue 2, 135-145 
 
 

Copyright © 2024by Authors.Lisencee Universitas Islam Indonesia. This is an Open Access article distributed under 
the terms of the Creative Commons Attribution License (CC BY-SA 4.0 License) 

 
  

DOI :  

pp. 21342–21354, 2024, doi: 10.1039/d4ra04017a. 
[28] R. M. Hamidi, Z. Man, and K. A. Azizli, “Concentration of NaOH and the Effect on the 

Properties of Fly Ash Based Geopolymer,” Procedia Eng., vol. 148, pp. 189–193, 2016, doi: 

10.1016/j.proeng.2016.06.568. 
[29] U. O. Aigbe, K. E. Ukhurebor, R. B. Onyancha, O. A. Osibote, H. Darmokoesoemo, and 

H. S. Kusuma, “Fly ash-based adsorbent for adsorption of heavy metals and dyes from 
aqueous solution: a review,” J. Mater. Res. Technol., vol. 14, no. August, pp. 2751–2774, 

2021, doi: 10.1016/j.jmrt.2021.07.140. 
[30] P. Lv, R. Meng, Z. Mao, and M. Deng, “Hydrothermal synthesis of sodalite-type n-a-s-h 

from fly ash to remove ammonium and phosphorus from water,” Materials (Basel)., vol. 

14, no. 11, 2021, doi: 10.3390/ma14112741. 
[31] K. Zhou et al., “Enhancing phosphate removal from wastewater using optimized fly ash 

adsorbents,” Desalin. Water Treat., vol. 321, no. December 2024, p. 101056, 2025, doi: 

10.1016/j.dwt.2025.101056. 
 

https://journal.uii.ac.id/Eksakta

	Abstract: The Karangkandri PLTU (Steam Power Plant) Industry in Cilacap is one of the large industries in the Cilacap industrial area which has abundant coal burning waste in the form of fly ash. The excess fly ash from PLTU Karangkandri can be used ...
	Materials and Methods
	Materials


