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Abstract 
 

This research aimed to reutilize sediment soil from water supply treatment process and waste glass for developing eco-

friendly wall tiles. Different amounts, 30-80% of sediment soil and 10-60% of brown glass cullet were used to develop wall tiles. 

Specimens were moulded by uniaxial pressing at 100 bars with dimensions of 50x100x7 mm. They all fired at a heating rate of 

100o C/h and maximum temperature of 950o C for 1 h. Bending strength and water absorption properties of wall tiles were tested 

and compared with Thai industrial standard (TIS) 2508-2555. Their properties depended on amounts of sediment soil and glass 

cullet. The optimal formula contained 30 wt% sediment soil and 60 wt% brown glass cullet was selected. Its bending strength 

and water absorption achieved Thai industrial standard (TIS) 2508-2555. It can be concluded that reutilizing sediment soil and 

brown glass cullet for developing eco-friendly wall tiles is feasible. 
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1. Introduction 
 

The generation of an abundance of industrial waste 

materials is an environmental problem faced all over the 

world. The management of these waste materials creates 

increased burden and costs for all entrepreneurs. To alleviate 

this problem, producing eco-friendly products from industrial 

waste should be carried out. Moreover, the high consumption 

of fuel for manufacturing products is another crucial issue 

facing manufacturers today. This study proposed a way to 

solve the aforementioned problems by utilizing industrial 

waste consisting of sediment soil from the water supply 

treatment process along with glass cullet waste from the glass 

industry for producing unglazed and low-sintering tem-

perature fired wall tiles. 

In Thailand, supplying water to people in the 

metropolitan area is the responsibility of the Metropolitan

 
Waterworks Authority (Bangkhen Water Treatment Plant, 

2018). There are four main water supply plants for supporting 

the increased demand. They are located in the Bangkhaen, 

Mahasawat, Samsen, and Thonburi areas of Bangkok with 

capacities of 3.6, 0.8, 0.7, and 0.17 million cubic meters/day, 

respectively. Bangkhaen plant is the area of focus for this 

research. Sediment soil generated from the clarification station 

of the water supply treatment process accounts for more than 

0.1 million tons/ year. Disposal sediment soil waste results in 

high disposal costs for the MWA amounting to approximately 

$63,897.76 USD (2x106 THB) / year. The research utilized 

sediment soil from this plant. 

From the yearly report by the pollution control 

department in 2016 (Pollution Control Department, 2017) 

42% of waste glass in Thailand is not utilized, amounting to 

1,014,653 tons. Owing to containing fluxing agent, glass 

cullet can be employed as a material for reducing the firing 

temperature (Wangrakdiskul, Wanasbodee, & Sansroi, 2017). 

Concerning energy consumption in the ceramics 

industry, a significant quantity of thermal energy is consumed 

in the firing stage of the ceramic manufacturing process (Ana, 

Juan, Eliseo, & Gustavo, 2014) Developing unglazed and low 
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sintering temperature wall tiles is a feasible method for 

solving this problem. 

 

2. Literature Review 
 

Previous studies about utilizing industrial waste for 

ceramic products can be classified into two groups. The first 

group involves the sediment soil and sludge waste used, while 

the second group refers to utilizing glass cullet for ceramic 

and cement products. These groups are expressed in greater 

detail below.  

The first group concerning utilization of sediment 

soil consists of the following studies. The application of 

sediment soil from water supply for ceramics products by 

small enterprise was reported by Suriyachat, Vichitamornpun 

and Ruangsumret (2004). A suitable ratio of sediment soil: 

sand at 70:30 can be used for forming ceramic clay ware 

sintered at 950o C. Boonin, Sarapol and Deesui (2012) inves-

tigated the properties of light-weight concrete by utilizing 

sediment soil from the water supply process as coarse aggre-

gate. The compressive strength of products with a ratio 80:20 

for plastic clay: sediment soil can pass ASTM C338.              

In addition, cement block mixing with 10-30% chemical 

sludge was proposed by Chatsatapattayakul, Wangwiang and 

Pengthamkeerati (2012) and compared with Thailand Institute 

of Scientific and Technological Research (TISTR) standard. It 

can achieve good strength and water resistance. The study of 

Wangrakdiskul et al. (2017) utilized 15% sediment soil for 

replacement of kaolin clay to produce vitreous China ceramic 

products. In addition, Wangrakdiskul and Neamlat (2018) also 

investigated non-fired wall tiles by utilizing 10% sediment 

soil. Although its water absorption could pass standard TIS 

2508-2555, its bending strength was unable to pass the 

standard. These studies utilized sediment soil from the water 

supply treatment process. Furthermore, water treatment pro-

cess waste from industrial processes was also utilized in the 

following work.  Water treatment plant (silt, sand and clay) 

sludge with 20% can be used to produce ceramic bricks 

(Teixeira, Santos, Souza, Alessio, Souza, & Souza, 2011). The 

effect of incorporating waste sludge on the properties and 

microstructure of clay used for bricks manufacturing           

was assessed by Martínez-García, Eliche-Quesada, Pérez-

Villarejo, Iglesias-Godino and Corpas-Iglesias (2012). They 

summarised that incorporating sludge by up to 5 wt% was 

beneficial for clay bricks. Kizinievic, Zurauskiene, Kizinievic 

and Zurauskas (2013) studied the physical and mechanical 

properties, structural parameters and mineralogical compo-

sition of ceramic products, which incorporated fresh water 

treatment sludge (WTS). The results of their study proposed 

that colorific Fe2O3 in WTS could be utilized as natural 

pigment in ceramic products for a darker, more intense red 

color. In addition, sludge was used by Wolff, Keller Schwabe 

and Vieira Conceiçao (2014) as a substitute material for the 

formulation of clay body with mixtures between 50-85% at 

850 and 950 oC. These mixtures are suitable for producing 

interior coatings or acoustic bricks.  

The second group of research for utilizing glass 

cullet is described as follows. Youssef, Abadir and Shater 

(1998) recommended that utilizing 23% soda glass and firing 

at 1,100 oC for 3 h resulted in wall and floor tiles manu-

factured with the best mechanical strength. For concrete 

products, Shayan and Xu (2004) proposed the utilization of 

waste glass as a pozzolanic material. 30% waste glass can      

be used to substitute for cement with satisfactory strength. 

Colored glass cullet had the potential (Karamberi, & 

Moutsatsou, 2005) to produce various cementitious products 

for decorative and architectural applications. Braganc, 

Licenzi, Guerino and Bergmann (2006) evaluated production 

using foundry sand and glass waste for white ware fired 

between 1,100 and 1,300 oC. The results showed that pro-

ducing triaxial ceramics using foundry and glass waste was 

feasible. Braganca and Bergmann (2005) proposed the use of 

waste glass as a fluxing material for porcelain, which can 

reduce the firing temperature from 1,340 oC to 1,240 oC with 

similar water absorption. Chidiac and Federico (2007) studied 

the effects of waste glass additions on the properties and 

durability of fired clay brick. They recommended that 10% 

fine or 15% coarse particles of waste glass could improve the 

properties as well as the volume stability and color change of 

the product. Luz and Ribeiro (2007) proposed that 5% waste 

glass fired at 1,240 oC was the component classified as a 

porcelain stoneware tile. Loryuenyong, Panyachai, Kaew 

simork and Siritai (2009) evaluated the effect of waste glass 

used on the physical and mechanical properties of clay bricks. 

They summarized that the proper firing temperature of 1,100 
oC, waste glass 15–30 wt % was able to meet the minimum 

requirements in a wide range of applications. Demir (2009) 

proposed that the use of waste glass by up to 10% firing at 

950 oC 1,050 oC was feasible to produce building bricks. 

Islam, Rahman and Kazi (2006) demonstrated that 15% waste 

glass could be used as a pozzolanic reaction material with the 

cement of concrete product. Tiffo, Elimbi, Manga and 

Tchamba (2015) investigated utilizing waste glass by up to 

15% fired at 750oC. They recommended that it could be used 

for producing red ceramic bricks. Aliabdo, Abd Elmoaty and 

Aboshama (2016) suggested that the use of 15% glass powder 

as cement addition increased concrete compressive strength 

by 16% and achieved better performance compared with as 

cement replacement. Kazmi, Abbas, Nehdi, Saleem and Munir 

(2017) studied the feasibility of using waste glass sludge. 

They summarized that waste glass could enhance the physical 

and mechanical properties of clay bricks, leading to more 

economical and sustainable construction.  

There are many researches that have investigated 

valorizing waste material (Velasco, Mendívil, Morales Ortiz, 

& Velasco, 2014) and glass cullet for producing fired clay 

bricks (Mohajerani, Vajna, Cheung, Kurmus, Arulrajah, & 

Horpibulsuk 2017). However, reutilizing sediment soil waste 

from the water supply treatment process and combining with 

glass cullet has not been proposed. This study aims to inves-

tigate the new product responding to waste utilization and low 

sintering temperature for reducing energy consumption. 

 

3. Materials and Methods 
 

3.1 Raw materials used 
 

In this study, three types of materials were used 

consisting of sediment soil from the water supply treatment 

process, brown glass cullet, and compound clay. The first two 

types of materials were waste from industries, while the third 

material was used for facilitating easier formation of speci-

mens. All materials have been analyzed and the chemical 

composition is shown in Table 1. Sediment soil originated 
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form the water supply treatment process at the Bangkhen plant 

in Thailand. Brown glass cullet comprised waste from the 

Bangkok glass industry, which had been used for reducing the 

sintering temperature of specimens. Compound clay was of 

the commercial-grade. 

All of the raw materials were dried at 150 oC for 2 

hours. Then, they were ground by pot mill to get fine particles 

and sizing by 375-micrometer sieve. Mixture formulations for 

21 formulas were conducted as illustrated in Table 2 and 

classified into 6 groups: A, B, C, D, E and F.  

All formulas mixtures were pressed for preparing 

specimens by a uniaxial pressing technique in a 50x100 mm 

rectangular die at 100 bars and dried at 150 oC. The firing step 

was carried out in a laboratory in an electric kiln at a heating 

rate of 100 oC/h and maximum temperature 950 oC for 1 hour. 

After that, all specimens of each formula were tested for 

mechanical and physical properties, including bending 

strength, water absorption, shrinkage, weight loss, and bulk 

density. X-ray diffraction was carried out to determine the 

mineralogical composition of the investigated formulations. 

The microstructure of specimens was observed by scanning 

electron microscopy (SEM). 

 

3.2 Fluxing agent 
 

Oxide of Na2O, K2O and CaO content in the raw 

material used are the fluxing agent materials. They play an 

important role for reducing the sintering temperature of a 

ceramic body. Tiffo et al. (2015) recommended fluxing agent 

from waste glass for red brick or roofing tiles. Sokolár, 

Kersnerováa, and Svedab (2017) also investigated fluxing 

agent from bone ash mixed with potassium feldspar for 

producing porcelain body. It can reduce the sintering tem-

perature by 50 oC.  

In the present study, Na2O, K2O and CaO of raw 

materials mainly from brown glass cullet were considered as 

fluxing agent for reducing the sintering temperature and 

increasing bending strength. The results of improving bending 

strength of specimens will be compared with other un-utilized 

glass cullet products (Sousa, & Holanda 2005). 

 

4. Results and Discussion 
 

All of the material mixtures of 21 formulas were 

prepared and fired at 950 oC with soaking for 1 h. All were 

tested for physical and mechanical properties. Microscopic 

structure analysis using Scanning Electron Microscopy and X-

ray Diffraction was also performed to characterize the fired 

specimens. Before revealing the test properties of all formulas 

the fluxing agent content of each formula will be calculated, 

which are presented in the following subsections. 

 

4.1 Fluxing agent quantities 
 

As recognition for reducing the sintering tem-

perature, fluxing agent refers to Na2O, K2O, and CaO, which 

can enhance the bending strength of ceramic bodies. The 

quantity of these oxides for each mixture formulas is cal-

culated from the chemical composition of raw materials 

(Table 1) and composition of mixture formulas (Table 2), as 

illustrated in Figure 1. 

 

Table 1. Chemical analysis of raw materials used. 
 

 

(%wt) 

Sediment soil Brown glass cullet Compound clay 

    

SiO2 60.95 72.1 47.8 
Al2O3 25.96 1.6 14.9 

Fe2O3 6.22 0.1 0.62 

K2O 1.93 0.2 1.51 
Na2O 0.33 12.9 0.73 

CaO 0.91 2.4 8.86 

MgO 1.41 0.05 7.22 
TiO2 0.85 0.05 0.08 

MnO 0.18 

  P2O5 0.46 
  SO3 0.33 0.15 

 
    

    

Table 2. Mixture formulations of the tri axial ceramic formulas (%wt). 

 

No. 

(%wt) 

Sediment soil Brown glass cullet Compound clay 

1A 30 60 10 

2A 40 50 10 

3A 50 40 10 
4A 60 30 10 

5A 70 20 10 

6A 80 10 10 
7B 30 50 20 

8B 40 40 20 

9B 50 30 20 
10B 60 20 20 

11B 70 10 20 

12C 30 40 30 
13C 40 30 30 

14C 50 20 30 

15C 60 10 30 
16D 30 30 40 

17D 40 20 40 

18D 50 10 40 
19E 30 20 50 

20E 40 10 50 

21F 30 10 60 
    

 
4.2 Mechanical and physical properties 
 

4.2.1 Bending strength  
 

The three-points bending method was employed for 

testing. All fired specimens of 21 formulas were evaluated. 

They are shown and compared with each other in Figure 2. It 

can be analyzed that the formula having high fluxing content 

in each group also gives high bending strength. For this 

reason, formula no.1A, 7B, 12C, 16D, 19E and 21F have high 

content of fluxing agent and provide high bending strength in 

each group. Table 3 shows a comparison for bending strength 

of formula No.1A and the TIS 2508-2555 Standard. Formula 

No. 1A can meet this standard with the highest bending 

strength. Table 4 expresses the comparison of formula not 

utilizing glass cullet (Sousa, & Holanda 2005) with formula 

No.1A. This indicates that the firing temperature can be 

reduced by utilizing glass cullet. 
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Figure 1. Fluxing agent content of all mixtures. 

 

 
 

Figure 2. Bending strength of fired 21 formulas specimens. 

 

Table 3. Comparison of bending strength of formula No. 1A with TIS 2508-2555 of sediment soil and glass cullet utilization. 
              

 

Bending strength (MPa) %Water absorption by weight 
% Proportion 

Sediment soil Glass cullet 

     

TIS 2508-2558; Type BIII 12 >10% , <20% - - 

Formula no. 1A 21.11 15.86% 30 60 
     

 

Table 4. Comparing bending strength and firing temperature between unutilized wastes and No.1A formula. 

 

 Bending strength (MPa) %Water absorption by weight Firing temperature (oC) 

    

Clay, Calcareous and Quartz 

formulation (Sousa & Holanda 2005) 

>15 18.5% >1100 

Formula no. 1A 21.11 15.86% 950 
    

 

4.2.2 Water absorption 
 

Water absorption testing of all fired specimens was 

performed by calculating the weight difference between dry 

and water saturated samples. They were immersed in boiling 

water for 2 h. The water absorption value is shown in Figure 

3. It can be observed that lower water absorption leads to 

higher bending strength (Figure 2) of specimens. In addition, 

water absorption compared with TIS 2508-2555 was per-

formed (Table 3). It can also pass this standard with no greater 

than 20% water absorption.  

 

4.2.3 Linear shrinkage, weight loss and density 
 

Figure 4 shows the comparison of linear shrinkage, 

weight loss and density of six formulation groups (Group A, 

B, C, D, E and F), which consist of 21 formulas. Each group 

indicates that the high shrinkage of samples leads to high 

density, but with low weight loss as well. Formula No. 1A has 

the highest shrinkage and density due to having a higher 

composition of glass cullet (Table 2) and fluxing agent 

(Figure 1). This phenomenon can be explained by the fluxing 

agent providing a lower sintering temperature. This can fur-
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Figure 3. Water absorption of 21 formula fired specimens. 

 

 
 

Figure 4. Comparison linear shrinkage, weight loss, and density of ceramic bodies. 

 

ther decrease the porosity of specimens. In addition, formula 

No. 1A has the lowest weight loss due to having low com-

position of sediment soil and compound clay (Table 2). It can 

be analysed that sediment soil and compound clay have higher 

carbonaceous matter. When they are burned, high weight loss 

of ceramic bodies is achieved.   

 

4.3 X-ray diffraction analysis 
 

For analyzing the phases presented in the micro-

structure of specimens, X-ray diffraction was used for eva-

luation. Formulas having the highest and lowest bending 

strength (No. 1A and 21F) were selected for analysis. The 

results are shown in Figures 5 and 6. The main phase in the 

microstructure of No. 1A (Figure 5) is cristobalite, while 

quartz phase is the main phase of No. 21F (Figure 6). This 

phenomenon can be explained by clay changing phase from 

quartz to cristobalite at 950o C (Pimkaokum 2004). Further-

more, nepheline syenite is also found, which indicates evi-

dence of occurring feldspathic material in formula No. 1A. 

This can promote the lower sintering temperature of ceramic 

bodies. 

 

4.4 Scanning electron microscopy analysis 
 

Figures 7 and 8 show the scanning electron micros-

copy images of formulations No. 1A and 21F. It was observed 

that formulation No.1A consists of glassy phase and larger 

crystal sizes than that of formulation No.21F. This pheno-

menon can promote the higher strength of No.1A.  

 

5. Summary and Conclusions 
 

In this study, the properties of wall tiles incur-

porating sediment soil and glass cullet were investigated. 

Utilization of sediment soil and glass cullet waste as alter-

native materials was carried out for producing wall tiles with 

high impact by reutilizing industrial waste materials. It was 

observed that glass cullet played an important role as an 

efficient fluxing agent for mixing in ceramic bodies. This 

effect promoted low sintering temperature at 950 oC and led to 

higher bending strength, lower water absorption, higher bulk 

density, and higher shrinkage of specimens, as illustrated in 

Figure 9. In addition, sediment soil from the water supply 

treatment process containing Fe2O3 content can be utilized to 

produce rustic terracotta ceramic tiles.  

It can be summarized that waste utilization of glass 

cullet and sediment soil has the possibility to produce Eco-

friendly unglazed wall tiles. These products comprise a new 

approach for customers who prefer to use green construction 

products and enhance marketing channels for the manu-

facturers. For the future work, seasonal change of sediment 

soil and their different position should be investigated. In 

addition, concerning about systematic blending to get con-

sistent raw materials also has to be taken into consideration 

for the next study. 
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Figure 5. X-ray diffraction pattern of formula No. 1A. 
 

 
 

Figure 6. X-ray diffraction pattern of formula No. 21F. 

 

 
 

Figure 7. SEM images of formula No.1A at 300x. 

 

 
 

Figure 8. SEM images of formula No.21F at 300x. 
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Figure 9. Samples of fired specimens in this study. 
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