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Abstract. The use of coal as fuel has experienced several obstacles, one of which is the formation 
of Slagging (crust). Slagging is formed by the melting point of coal ash or low ash fusion 
temperature, caused by low levels of Al2O3 in coal ash. The addition of synthetic zeolite to coal 
before use is intended to increase the level of Al2O3, so that it will increase  the ash fusion 
temperature  of coal ash. The  increase in ash fusion temperature also causes an increase in the 
slagging index of coal. With the high increase in  the slagging index obtained, the lower the 
potential for the formation of slagging. The smaller the potential  of Slagging formed, the use of 
coal also decreases. This study aims to determine the effect of adding waste-based synthetic 
zeolite to coal  ash on increasing coal slagging index. Research uses a type of experimental 
research. Itis collected by conducting laboratory tests, namely making observations and direct 
testing of samples with variations in the addition of synthetic zeolite to coal by 5%, 10%, and 
15%. The results showed that synthetic zeolite added to coal was able to reduce the potential for 
slagging formation. Slagging index from the results of research for oxidation conditions is a 
standard sample of 1,246oC, SBZ5 by 1,242oC, SBZ10 by 1,250oC, and SBZ15 by 1,274oC. 
Reduction conditions i.e. standard sample of 1,130oC, SBZ5 by 1,116oC, SBZ10 by 1,136oC, and 
SBZ15 by 1,168oC. SBZ15 sample is a variation that has a  good slagging index, which is for 
oxidation conditions which is 1,274oC, and for reduction conditions that is 1,168oC. 
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1 Introduction 

Coal is one of the energy resources that humans continue to use and develop. Besides being very abundant, 
coal is also one of the natural resources that is very economical when compared to other natural resources, 
sothat it continues to be developed in supporting various sectors of human life, one of which is as a source of 
electrical energy through Steam Power Plants (PLTU). 

An obstacle that is often found in the use of coal as fuel at coal-fired power plants and greatly affects the 
working process of the tool is the attachment of coal ash particles in the form of deposited solids, then melts and 
forms a crust in the high-temperature dispersing zone due to the coal combustion process. This phenomenon is 
called slagging [1].  According to [2], slagging occurs due to the low Ash Fusion Temperature of coal ash. This 
can occur due to low levels of Al2O3 contained in coal ash. 

Zeolite is a compound that has a high enough Al2O3 content  which can be obtained by synthesizing coal ash 
waste so that Synthesis Zeolite is obtained [3].  The addition of synthetic zeolite to coal before the coal is used, 
will affect the Al2O3 levels  in coal ash after coal goes through the combustion process. Increasing levels of 
Al2O3, will increase the  value of ash fusion temperature owned from coal ash. 

Ash Fusion Temperature is a value that shows the melting point or temperature of coal ash. So, to suppress 
the emergence of slagging potential, it can be done by adding synthetic zeolite to increase the levels of Al2O3 
found in coal ash,  so that there is an increase in the value  of ash fusion temperature [4]. With the increase in 
ash fusion temperature, so does  the slagging index, which is a representation of the potential for slagging to 
form.  

With the smaller the potential for slagging formed, the smaller the maintenance and use of coal needed in the 
production process due to the energy efficiency that can be obtained. Based on the background of these 
problems, it is important to carry out research aimed at adding synthetic zeolite to coal before combustion, so 
that there is an increase in the value  of ash fusion temperature on the potential or tendency of slagging 
formation calculated through  the slagging index equation. 
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2 Method  
2.1 Ashing Procedure 

a. Standard Sample (SS), 5% Zeolite Coal Sample (SBZ5), 10% Zeolite Coal Sample (SBZ10), and 15% 
Zeolite Coal Sample (SBZ15) coal samples were flattened on each Crucible Ashing in the amount of ± 
50 grams. 

b. The sample is heated in the furnace to a temperature of 500oC for 1 hour, after which it is raised to a 
temperature of 750oC for 2 hours. 

c. Cooled on a plate. 
d. After cooling, the sample is then crushed using mortar and pestle until it passes the sieve using  a 75 μm 

sieve. 
e. The ash sample escapes the sieve, heated in a furnace for 1 hour. 
f. Removed and then cooled, after that it is put into the sample plastic that will be used for further analysis, 

namely Ash Analysis and Ash Fusion Temperature. 

2.2 Ash Analysis Testing 

a. Sample Preparation 
1) 0.1 grams of coal ash sample was weighed in a platinum dish. 
2) 0.5 grams of Lithium Tetraborate is added, then stirred until evenly distributed between the sample 

and Lithium Tetraborate.   
3) The surface of the mixture is covered with 0.5 grams of Lithium Tetraborate. 
4) The cup is masked into a furnace of 1,000oC and melted in 15 minutes. 
5) The saucer is removed and cooled to room temperature. 
6) The bottom and outside of the saucer are carefully rinsed to eliminate possible contamination. 
7) The cup is placed into a clean beaker with a capacity of 500mL, then placed a magnetic stirrer in a 

saucer. 
8) 200mL of Solvent Acid is added to the dish and beaker and place it immediately on the hot plate. 
9) The solution is heated to a temperature of 90oC with constant coding for 30 minutes. 
10) The hot plate is turned off and cooled to room temperature. 
11) Quantitatively the solution was transferred to a 200mL measuring flask, platinum dishes and  beakers 

were rinsed with a certain amount of  Solvent Acid  and diluted with Solvent Acid to the limit mark. 
This solution will be the mother liquor (A-Test Solution).  

12) Test-A solution is pipettes as 20mL into a 50 mL measuring flask and diluted using Solvent Acid to 
the limit mark. This solution will then become a Test-B solution. 

13) Mother Solution (A) is pipettes of 10mL into a 50mL measuring flask and diluted using Solvent Acid 
to the limit mark. This solution will then become a Test-C solution. 

14) The Mother Solution (A) is pipetted as much as 10mL into a 100mL measuring flask and treated with 
Solvent Acid to the limit mark. This solution will then become a D-Test solution. 

b. Sample Reading 
1) A sample solution is prepared, a standard solution, and blanks to be read using the tool. 
2) The AAS tool is adjusted to the metal analysis read on the tool. 
3) Set Slit, Wavelength, and Burner used 
4) Optimized tool to the maximum absorbance limit  to be read on the metal. 
5) A blank sample is read, then a standard sample and look at the linerity curve of the standard. 
6) The result  button is pressed, and a sample reading is carried out using the AAS tool, if there  is an 

over read from the Test-A solution, it is transferred to the Test-B solution and its opponents until the 
desired value is obtained.  

7) After the reading is over, the fire is turned off. Then, the Load Method is pressed, then returned to the 
user then pressed clear and enter. Then  press the optimize button  and press the off button to turn off 
the tool. 
 

2.3 Ash Fusion Temperature Testing 

a. Cones are made from SS, SBZ5, SBZ10, and SBZ15 coal ash that has been mixed with dextrin solution 
and  molded using molds. 

b. The molded cone is placed on the Tile and then put into a special kiln for Ash Fusion Temperature 
testing. 

c. The camera is set up directly in front of the furnace lens, and adjusted to the cone position. 
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d. Hydrogen and CO2 gas are flowed into the furnace for Reduction conditions, for Oxidation conditions it 
is enough to flow CO2 gas. 

e. The RUN  button is pressed. 
f. Every 20oC shooting is carried out, which starts shooting at a temperature of 1,000oC until the cone melts 

completely 
g. When finished, the flow of Hydrogen and Carbon Dioxide gas is closed, and the furnace temperature is 

lowered and the appliance is turned off. 

3 Results and Discussion 

Table 1 shows the results of Ash Analysis of samples using Atomic Absorption Spectophotometer (AAS). 

Table 1. Ash Analysis 

Number Sample Compounds Al2O3 (%) 
1 SS 18,5 
2 SBZ5 17,7 
3 SBZ10 21,2 
4 SBZ15 21,7 

Information: 
SS: Standard Sample 
SBZ5: 5% Zeolite Coal Sample 
SBZ10: 10% Zeolite Coal Sample 
SBZ15: 15% Zeolite Coal Sample 

 
Figure 1 shows the levels of Al2O3 in SS samples at 18.5%, SBZ5 at 17.7%, SBZ10 at 21.2% and SBZ15 at 

21.7%. The high levels of Al2O3 in SBZ10  and SBZ15 samples when compared to SS samples, caused by the 
addition of synthetic zeolite which has high levels of Al2O3. Synthetic zeolite has the ability to raise Al2O3  
levels because synthetic zeolite is one of the compounds that has high Al2O3 levels [5]. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Ash Analysis Chart 
 

Furthermore, Ash Fusion Temperature testing  was carried out to test the melting point of the sample coal 
ash. Ash Fusion Temperature testing in this study, using test parameters, namely determining conditions when 
coal ash undergoes Deformation Temperature (DT) and Flow Temperature (FT) conditions because the values 
obtained from these conditions will be used in determining the Slagging Index value.  

According to [6]Ash Fusion Temperature testing is held under two conditions or atmospheres, namely 
Oxidation and Reduction atmospheres. The purpose of using these two atmospheres or conditions is to adjust to 
combustion conditions on an industrial scale when coal is used as fuel faced with a temperature height of about 
1,650oC in Zone Burner. 

Table 2 and Figure 2 which are graphs of Ash Fusion Temperature values in Oxidation atmospheres, show 
that Standard Sample (SS) has a Deformation Temperature (DT) value of 1,225oC. However, the SBZ5 sample 
has a lower Deformation Temperature (DT) value when compared to the Standard Sample (SS) which is 
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1,220oC, as well as SBZ10 which is 1,205oC. Sample SBZ15 has a higher Deformation Temperature (DT) value  
when compared to Standard Sample (SS) which is 1,245oC.  

Table 2. Ash Fusion Temperature 

Number Sample Oxidation (oC) Reduction (oC) 
DT  FT  DT  FT  

1 SS 1,225 1,330 1,090 1,290 
2 SBZ5 1,220 1,330 1,090 1,220 
3 SBZ10 1,205 1,430 1,100 1,280 
4 SBZ15 1,245 1,390 1,145 1,260 

  
Information: 
SS: Standard Sample 
SBZ5: 5% Zeolite Coal Sample 
SBZ10: 10% Zeolite Coal Sample 
SBZ15: 15% Zeolite Coal Sample 
DT: Deformation Temperature 
FT: Flow Temperature 

 
Furthermore, at Flow Temperature (FT), the Standard Sample has a value of 1,330oC. When compared with 

the SBZ5 sample which has a value of 1,330oC indicates no increase in value. However, SBZ10 and SBZ15 
experienced an increase in the value of Flow Temperature (FT), namely SBZ10 by 1,430oC and SBZ15 by 
1,390oC.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Oxidation AFT graph 
 

Table 3 and Figure 3, graphing the Ash Fusion Temperature values under reduction conditions, show the 
main increase in Deformation Temperature (DT) and Flow Temperature (FT). In Deformation Temperature 
(DT), SBZ5 has the same value or does not increase with the standard sample, which is 1,090oC, but increased 
in SBZ10 which is 1,100oC and SBZ15oC by 1,145oC. Furthermore, at Flow Temperature (FT), the SS has a 
Flow Temperature (FT) value of 1,290oC, which is higher than SBZ5 of 1,220oC, SBZ10 by 1,280oC, and 
SBZ15 by 1,260oC. 

Table 3.   Batting Index 

Number Sample Slag Index (0C) 
Oxidation Reduction 

1 SS 1,246 1,130 
2 SBZ5 1,242 1,116 
3 SBZ10 1,250 1,136 
4 SBZ15 1,274 1,168 
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Information: 
SS: Standard Sample  
SBZ5: 5% Zeolite Coal Sample   
SBZ10: 10% Zeolite Coal Sample 
SBZ15: 15% Zeolite Coal Sample 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. AFT Reduction Graph 
 

The two graphs above, namely the Oxidation AFT and Reduction AFT graphs, show that there is an increase 
in the Ash Fusion Temperature Value  under both conditions. This is due to an increase in Al2O3 levels from 
coal ash to which synthesis zeolite has been added. According to [7], the concept of ion potential plays a major 
role in increasing AFT in coal. The highest ionic potential is found in acidic components and tends to attract 
anions easily, such as O2-.  

The acidic components (SiO2, Al2O3, TiO2) can increase the melting point and contribute to increasing 
viscosity when melting is formed [8]. Al2O3 has the greatest effect on increasing AFT, because Al2O3 keeps 
stronger molecular bonds of oxygen than molecular bonds of other components so as to affect the viscosity 
behavior of the slag [9].  

Coal added with additives containing Al2O3 will undergo a change in mechanism from a physical process to 
a chemical process. When there is an addition of Al2O3 then Al2O3 will react with SiO2 to form mullite 
(3Al2O3.2SiO2). Mullite is formed at temperatures of 850°C-1,000°C and has a melting point of 2,083 K or 1.  
890oC. Coal accompanied by the addition of zeolite has a greater AFT value [10]. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. Slagging Index Chart 
 

Figure 4 shows that there is an increase in Slagging Index in both Oxidation and Reduction conditions. 
Standard samples have a Slagging Index under oxidation conditions of 1,246oC and Reduction by 1,130oC. 
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However, SBZ5 has a lower Slagging Index value compared to standard samples in both conditions, namely 
Oxidation of 1,242oC and Reduction 1,116oC. This is due to the low AFT value in the SBZ5 sample due to the 
low level of Al2O3 in the sample when compared to the SS sample [11].  

Furthermore, SBZ10 and SBZ15 have higher Slagging Index prices compared to standard samples under 
both conditions of Oxidation and Reduction. Under oxidation conditions, SBZ10 has a Slagging Index price of  
1,250oC and SBZ15 of 1,274oC. Reduction Conditions, SBZ10 has a Slagging Index of 1,136oC and SBZ15 by 
1,168oC. 

The increase in the value of Ash Fusion Temperature  will certainly affect  the Slagging Index Price owned 
by coal, especially for Deformation Temperature (DT) and Flow Temperature (FT) [12]. Along with the 
increase in the value of Ash Fusion Temperature, the value of the Slagging Index obtained increases [13], and 
the higher the value of the Slagging Index obtained, the less likely the coal ash will experience Slagging [14].  

Based on the description above, it can be seen that the mixing of synthetic zeolite against coal has a fairly 
good influence. This can be seen from the increased levels of Al2O3  owned by each sample mainly in SBZ10 
and SBZ15. Then, ash melting point testing was carried out with the ash fusion temperature method to prove the 
effect of high levels of Al2O3 has a strong enough influence on increasing the value of ash fusion temperature.  

The results showed that with the increase in Al2O3 levels, the melting point of coal ash or ash fusion 
temperature value also increased. With the increase in the value of ash fusion temperature, the slagging index 
obtained also increases. With a high slagging index, the smaller the probability or tendency of slagging 
formation. Thus, the addition of synthetic zeolite to coal can reduce the tendency of coal to undergo slagging.  

The tendency of Slagging  based on the calculation of the Slagging Index is [15] as shown in Table 4 below:  

Table 4. Index slagging 

>1,615 Low 
1,505-1,615 Keep 
1,325-1,505 Tall 

<1,325 Very High 
 

Based on the sample owned, the SBZ15 sample is the sample with the best percentage of Slagging Index 
among several samples owned, but is still classified as a Very High indication in the formation of slagging 
based on the standard. With  the Slagging Index value  of SBZ15 in the Oxidation atmosphere of 1,274oC and 
Reduction by 1,168oC.  

Based on the data mentioned above, it can be seen that with the addition of synthetic zeolite to coal, it can 
reduce the potential for slagging formation. Similarly, with the small potential for the formation of slagging, 
energy efficiency occurs in the production process due to the effective heat transfer produced from coal, thus 
making coal consumption smaller. 

4 Conclusion 

The results showed that the addition of synthetic zeolite to coal had an influence on increasing the slagging 
index. This is due to an increase in Al2O3 levels  in the sample which causes  the ash fusion temperature value  
to increase, so that the slagging index also increases. The higher  the slagging index obtained, the lower the 
potential for slagging formation  . The slagging index obtained from oxidation conditions for SS, SBZ5, SBZ10, 
and SBZ15 samples is respectively 1,246oC, 1,242oC, 1,205oC, &; 1,270oC, and for successive reduction 
conditions that are 1,130oC, 1,116oC, 1,136oC, &; 1,168oC. SBZ15 sample is a variation that has a  good 
slagging index, which is for oxidation conditions, namely 1,274oC, and for reduction conditions it is 1,168oC. 

Acknowledgements  

The authors are grateful for the support provided by Politeknik ATI Makassar. 
 
References 
 
[1] C. L. Sianipar, Rr. H. E. Handayani, and Syarifuddin, “ANALISIS PENGARUH KUALITAS 

BATUBARA UMPAN TERHADAP POTENSI SLAGGINGPADA BOILER CIRCULATING 
FLUIDIZED BED (CFB) DI PLTU  BANJARSARI 2 X 135 MW,” Jurnal Pertambangan , vol. 3, no. 
1, pp. 36–43, 2019. 

SAGA: Journal of Technology and Information Systems 
Vol 1, Issue 2, May 2023, Page 37-43 
ISSN: 2985-8933 (Media Online) 
DOI: 10.58905/SAGA.vol1i2.96

42



 
 
 
 

[2] S. Handoko, S. Rianda, and N. Nurhadi, “Effect of low rank coal temperature and moisture content on 
slow pyrolysis process,” Indonesian Mining Journal, vol. 24, no. 2, pp. 105–111, Oct. 2021, doi: 
10.30556/imj.Vol24.No2.2021.1234. 

[3] A. E. Hidayat, S. S. Moersidik, and S. Adityosulindro, “Sintesis dan Karakterisasi Zeolit Hidroksi 
Sodalit dari Limbah Padat Abu Layang PLTU Batubara,” Reka Buana : Jurnal Ilmiah Teknik Sipil dan 
Teknik Kimia, vol. 4, no. 2, p. 9, Jun. 2019, doi: 10.33366/rekabuana.v4i2.1307. 

[4] R. W. Purwaningrum, “UJI ZAT ANTI-SLAGGING UNTUK MENINGKATKAN ASH FUSION 
TEMPERATURE (AFT) BATUBARA PADA PEMBAKARAN BATUBARA SERBUK,” Universitas 
Sultan Ageng Tirtayasa, Banten, 2016. 

[5] A. Dyer, “Ion-Exchange Properties of Zeolites and Related Materials,” in Studies in Surface Science and 
Catalysis, 1st ed.Sciencedirect, 2007, pp. 525–553. doi: 10.1016/S0167-2991(07)80804-4. 

[6] ISO 540:2008, “ISO 540:2008 Hard coal and coke — Determination of ash fusibility,” NEW YORK, 
Jun. 2008. 

[7] M. F. Nugraha, Sriyanti, and E. Moralista, “Pengaruh Karakteristik Batubara terhadap Potensi 
Pembentukan Slagging dan Fouling di PT Bhadra Pinggala,” Prosiding Teknik Pertambangan , vol. 6, 
no. 2, pp. 872–879, 2020, doi: 10.29313/pertambangan.v6i2.24701. 

[8] X. Zhang, Z. Yan, Z. Deng, and M. Zhu, “Effect of TiO2 Addition on the Melting Behaviors of CaO-
SiO2-30%Al2O3-5%MgO System Refining Slags,” Metals (Basel), vol. 13, no. 2, p. 431, Feb. 2023, 
doi: 10.3390/met13020431. 

[9] T. Yan, J. Bai, L. Kong, Z. Bai, W. Li, and J. Xu, “Effect of SiO 2 /Al 2 O 3 on fusion behavior of coal 
ash at high temperature,” Fuel, vol. 193, pp. 275–283, Apr. 2017, doi: 10.1016/j.fuel.2016.12.073. 

[10] U. Irawati, Sunardi, and Suraida, “SINTESIS DAN KARAKTERISASI GAMMA ALUMINA (γ-
Al2O3) DARI KAOLIN ASAL TATAKAN, KALIMANTAN SELATAN BERDASARKAN VARIASI 
TEMPERATUR KALSINASI,” Molekul, vol. 8, no. 1, pp. 31–42, 2013. 

[11] C. He et al., “Effect of chemical composition on the fusion behaviour of synthetic high-iron coal ash,” 
Fuel, vol. 253, pp. 1465–1472, Oct. 2019, doi: 10.1016/j.fuel.2019.05.135. 

[12] G. Akar, V. Arslan, M. Emre Ertem, and Ü. Ipekoglu, “Relationship Between Ash Fusion Temperatures 
and Coal Mineral Matter in Some Turkish Coal Ashes,” 2009. 

[13] B. G. Miller, “Introduction to Coal Utilization Technologies,” in Clean Coal Engineering Technology, 
Second.Elsevier, 2017, pp. 147–229. doi: 10.1016/B978-0-12-811365-3.00004-1. 

[14] J. Lachman, M. Baláš, M. Lisý, H. Lisá, P. Milčák, and P. Elbl, “An overview of slagging and fouling 
indicators and their applicability to biomass fuels,” Fuel Processing Technology, vol. 217, p. 106804, 
Jun. 2021, doi: 10.1016/j.fuproc.2021.106804. 

[15] D. Umar, I. Monika, and Suganal, “PENGARUH PROSES HIDROTERMAL BATUBARA 
PERINGKAT RENDAH TERHADAP KOMPOSISI DAN SUHU TITIK LELEH ABU Effect of Low 
Rank Coal Hydrothermal Process on Ash Composition and Fusion Temperature,” Jurnal Teknologi 
Mineral dan Batubara, vol. 16, no. 3, pp. 157–164, 2020, doi: 10.30556/jtmb.Vol16.No3.2020.1106. 

  
 
 
 
 
 
 

SAGA: Journal of Technology and Information Systems 
Vol 1, Issue 2, May 2023, Page 37-43 
ISSN: 2985-8933 (Media Online) 
DOI: 10.58905/SAGA.vol1i2.96

43




