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--------------------------------------------------------ABSTRACT-------------------------------------------------------------- 

This research is intended to find the best combination of sintering temperature and weight fraction composition 

in the formation of ceramic composites made from glass powder with fly ash which produces the highest 

hardness. Material engineering is expected to be able to develop new materials that are environmental friendly 

by utilizing glass waste and  coal dust (fly ash) which is often found around power plants and cement industries 

in Barru districts, South Sulawesi province. Glass waste is cleaned and ground into glass powder up to 200 

mesh then mixed with coal powder waste (fly ash) which has been calcined in furnace at 800°C then formed in a 

stainless steel metal mold with composition of 3 weight fractions, namely 40% fly ash:60% glass, 50% fly 

ash:50% glass and 60% fly ash:40% glass then compressed 1000 N/cm2 to obtain a green body and sintered 

separately at temperatures of 900°C, 950°C and 1000°C respectively, which produces the highest average 

hardness on Vickers scale of HRV = 33.11 N/mm2 in specimen with a composition of 60% fly ash:40% glass 

(FAGL64) at 1000°C heating. The overall result of hardness test shows a tendency that the greater of fly ash 

weight fraction percentage, the higher hardness value of the composite specimen, as well as the influence of 

sintering temperature. The higher sintering temperature, the higher hardness value. Thus, it can be stated that 

the fly ash content and sintering temperature are very helpful in increasing the hardness level of this fly ash-

glass composite. 

KEYWORDS; Fly ash, glass powder, weight fraction, temperature and hardness 

--------------------------------------------------------------------------------------------------------------------------------------- 

Date of Submission: 01-03-2024                                                                            Date of acceptance: 08-03-2024 

----------------------------------------------------------------------------------------------------------------------------- ---------- 

 

I. INTRODUCTION 

Using coal as fuel for power plants can produce electricity at relatively low costs, but the residue it 

produces needs serious attention to avoid pollution of the surrounding environment.  Coal burning waste is 

mostly generated from steam power plants and the rest comes from several other industrial sectors such as the 

cement industry, textile industry, paper industry, metal industry and several other small industries that use coal 

as their main fuel, waste produced from burning coal consists of fly ash and the rest in the form of bottom ash, 

economizer ash, flue gas desulphurization (FGD), combustion gas emissions (SOx, NOx, CO2), liquid waste, 

pollutants radioactive and some other waste [4], [5]. This accumulated waste is produced in large quantities 

every year, while its utilization is only around (20 to 30)%. As one of the raw materials that needs attention, coal 

waste is in the form of solid ash (solid residual). Fly ash is classified as hazardous and toxic waste (B3) because 

it contains several percent of dioxins and heavy metals which evaporate during combustion at concentrations 

that can exceed permitted limits. The chemical composition of fly ash is mostly dominated by oxides such as 

Fe2O3, Al2O3, SiO2, CaO, MgO and other oxides with percentages depending on the waste source [14], [20], 

[21] where these compounds are good basic materials for manufacture of CaO-SiO2-Al2O3 glass-ceramics [11], 

[12].  The utilization of all types of coal burning waste (fly ash, bottom ash and boiler slag) in several developed 

countries is a serious concern, even several countries in Europe have issued special regulations that encourage 

the utilization of this waste despite the limited storage space [10]. Meanwhile, glass waste is also increasing, 

especially waste resulting from building construction renovations, electronics, beverage bottle packaging, 

pharmaceutical products, cosmetic products and other utility products that use glass bottles as storage 

containers, therefore it is deemed necessary to utilize glass waste. a number of studies have been carried out in 

order to obtain strong and hard materials originating from waste raw materials that are abundant and easy to 

obtain with a technological process that is easy and relatively low cost, namely by utilizing coal dust (fly ash) 

and glass waste. Fly ash and glass powder as basic ingredients for making ceramic composite materials are 

considered to have advantages in terms of strength, stiffness, lightness, low coefficient of thermal expansion, 

good vibration dampening, wear resistance, corrosion resistance and good shape appearance. On the other hand, 

ceramic materials in general also have weaknesses such as brittle and porous properties so that their use in 
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certain construction fields is still very limited. The physical, mechanical, thermal and chemical properties of Fly 

ash-Glass composite materials are highly dependent on various factors such as the percentage and composition 

of the base material, grain size, sintering temperature and the heat treatment given [6], [9], [13]. In general, the 

sintering process for ceramic composite materials is carried out at a temperature interval of 850–1050 °C with 

varying heating rates. The choice of mixture composition, compaction pressure, grain size and appropriate 

sintering temperature will influence the properties of the resulting material, one of which is the level of 

hardness. database. 

 

II. MATERIAL AND METHODS 
From this research, using fly ash and glass powder as basic materials will product a ceramic composite 

material which can be used for construction purposes and at the same time is able to contribute to the handling 

of fly ash waste and glass/glass waste. Ceramics can be defined as a solid compound formed using heat often 

pressure containing at least two elements, one of which is a non-metal or nonmetallic solid element. Other 

elements can be metals or other solid nonmetallic elements [7], [8]. Ceramic materials consist of phases which 

are compounds of metal and nonmetal elements. Ceramic phases generally have a crystalline structure with 

fewer free electrons than metal crystals [4], [12]. A simpler definition is given [14], [15] who describe ceramics 

as an art and science about the manufacture and use of solid particles, which are generally made from inorganic 

nonmetallic materials. Ceramics consist of an arrangement of interconnected atoms where there are no 

independent molecules and this property is what differentiates ceramics from other solid molecules.  By 

adjusting the percentage composition of the weight fractions of the two raw materials, namely fly ash and glass, 

which in this research are called FA-GL composites, The fly ash used in this research was obtained from waste 

from the Barru PLTU, South Sulawesi Province and to avoid lost on ignition (LOI) during the sintering process, 

ts as in 

Figure1 below: 

 

 
 

Figure 1. Fly ash (a) before calcination and (b) after calcination 

 

The glass waste powder used in this research was obtained from broken glass waste of the same type 

and color. Glass waste that has been cleaned and crushed with a Jaw crusher and ball mill is then sieved using a 

Screen sieve. Glass waste powder and glass powder resulting from sieving are as shown in Figure 2, below: 

 

 
 

Figure 2. Photos of (a) glass waste and (b) glass waste powder. 

 

in preparing the basic research materials, several equipment were used including a Jaw crusher to crush glass 

waste into small pieces and a Ball-mill to grind glass waste powder which was then sieved with a screen sieve to 

obtain a size of 200 mesh, in this sieving process, 100 gram samples are used with a vibration duration of 10 

minutes, [6], [7], [23].  These three tools belong to Minerals Processing Laboratory, Department of Mining, 
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Industrial Engineering Faculty, Moslem University of Indonesia. Next, a digital scale type HZY – B1000 with 

an accuracy of up to 0.0001 grams is used to weigh the weight of each basic ingredient then use a mixing 

container to stir and rotate for 60 minutes to ensure the mixture is homogeneous, then to form the composite 

specimen a mold made of stainless steel is used, for compaction a Uni-axial hydraulic press is used with a 

maximum capacity of 6000 kg, as well as the Ney Vulcan D-550 hot furnace belonging to the Engineering 

Materials Laboratory of Mechanical Engineering Department. 

 

III. MANUFACTURING AND TESTING OF SPECIMENS 
 Before mixing the basic ingredients, a calcination process is first carried out on the fly ash to remove 

elements that easily evaporate due to high temperatures such as carbon and sulfur. [1], [20], [22]. The 

calcination process i

Composites specimen are made through a weighing process to measure weight fractions and then mixed in a 

container to stir/spin for 30 minutes to obtain an even and homogeneous mixture [16], [17], then molded with 

respective weight fractions in composition of 40% Fly ash + 60% Glass (FAGL46), 50% Fly Ash + 50% Glass 

(FAGL55), and 60% Fly Ash + 40% Glass (FAGL64) in a shaped mold tube with a diameter of d = 44.8 mm, a 

height of 18 mm (figure 3) then compacted to obtain a green body with a pressure of 1000N/cm2. 

 

 

 
 

Figure 3. Formed specimen 

 

the research [19], [21]. For materials engineering, especially waste utilization, of course requires technical 

identification, especially mechanical strength criteria such as the level of hardness [2]. Through the sintering 

process at different temperatures on each composite specimen to find out which weight fraction ratio can 

produce a composite with the best hardness, a hardness test was carried out using the Vickers method hardness 

tester, hardness testing by determining 7 different points on each specimen surface as shown in figure 4 below in 

order to obtain test results that can represent the entire surface of the composite and then the results are 

averaged. 

 

 

 
 

Figure 4. Position of pressing points on hardness testingVickers  

hardness is expressed by the equation: 
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2V
d

P
8544,1H   

 

Where : 

                HRV = Vickers hardness value, (MPa) 

                     P = pressing load, (N) 

                     d = average diagonal of the indenter stamping mark, (mm). 

 

 

IV. RESULTS AND DISCUSSION 

The hardness level testing results in this research can then be described and compared based on the 

weight composition of the base materials in the composite, 3 types of specimens with different weight fractions 

btained as shown in 

tables 1, 2 and 3 below: 

 

Table.1 Hardness data (HRV) at each testing point with a temperature of 900°C 

 

 

In graphic form can be seen in Figure 5 below, which shows the relationship between the composition 

of the weight fraction and the hardness value (HRV) at various testing points for a sintering temperature of 

900°C. 

 

 
 

        Figure 5. Relationship between hardness values (HRV) at various pressing points 

                       on sintering temperature of 900°C 

 

 

 

 

Position of testing point 
hardness Value (N/mm

2
) 

FAGL46 FAGL55             FAGL64 

1 11,6 14,0 17,7 

2 12,8 14,5 20,5 

3 13,4 12,3 19,9 

4 12,4 15,4 18,3 

5 11,8 17,5 17,3 

6 10,6 13,1 18,8 

7 12,3 12,3 17,6 

average 12,13 14,16 18,58 
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Table 2. Hardness data (HRV) at each testing point with a temperature of 950°C 

 

 

In graphic form can be seen in Figure 6 below, which shows the relationship between the composition 

of the weight fraction and the hardness value (HRV) at various testing points for a sintering temperature of 

950°C. 

 

 
 

Figure 6. Relationship between hardness values (HRV) at various pressing points 

on sintering temperature of 950°C 

 

 

Table 3. Hardness data (HRV) at each testing point with a temperature of 1000°C 

 

 

 

 

 

 

In graphic form can be seen in Figure 7 below, which shows the relationship between the composition 

of the weight fraction and the hardness value (HRV) at various testing points for a sintering temperature of 

1000°C. 

 

Position of testing point 
hardness Value (N/mm

2
) 

FAGL46                FAGL55 FAGL64 

1 17,0 19,8 21,2 

2 15,8 17,2 20,4 

3 16,1 17,3 20,2 

4 11,2 16,2 19,9 

5 11,2 17,3 23,1 

6 14,0 18,8 21,9 

7 13,0 19,0 21,2 

Average 14,04 17,94 21,13 

Position of testing point 
Hardness Value (N/mm

2
) 

FAGL46  FAGL55            FAGL64               

1 16,2 21,5 28,9 

2 20,3 24,2 29,3 

3 15,7 24,6 34,1 

4 17,4 20,5 34,5 

5 15,8 22,4 34,3 

6 19,8 20,6 37,3 

7 15,5 20,3 33,4 

Average 17,24 22,01 33,11 
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Figure 7. Relationship between hardness values (HRV) at various pressing points 

on sintering temperature of 1000°C 

 

Overall, the highest average level of hardness was found in composite specimens that had been heated 

to 1000°C. as can be seen in the graph in Figure 8 below, the FAGL64 specimen has very good hardness HRV = 

33.11 N/mm2 compared to specimens with different content compositions. 

 

 
 

Figure 8. Average level of hardness on different sintering temperature 

 

V. CONCLUSION 
From the test results on the 3 types of composite specimens, i.e. FAGL46, FAGL55 and FAGL64, 

evidence was found that the greater the Fly Ash content in the composite material, the higher the level of 

hardness in the material.  As evidence, it can be observed that the FAGL64 specimen has a hardness HRV = 

33.11 N/mm2 which has a different level of hardness with the FAGL55 specimen HRV = 22.01 N/mm2, which 

means there is an increase of 11.10 N/mm2 with the addition of 5% Fly Ash elements. (with a sintering 

temperature of 1000oC), This fact indicates that the effect of sintering temperature is very significant on the 

hardness of this type of composite, especially at the sintering temperature which is close to the melting point of 

ceramic composites, around 1000oC up. [5], [12] and [15]. From observing the hardness test results of 3 types 

of specimens with different weight fractions of base material, it was found that the average hardness of the 

specimens increased along with the increase in the percentage of Fly Ash content, it can be stated that the Fly 

Ash factor is quite influential in increasing the hardness of the composite. 
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