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Abstract— In general, Quartz, Feldspar, Ball Clay, and 

Dolomite are the main raw materials used in the tile industry. 

The availability of quality Ball Clay for the tile manufacturing 

industry has decreased over the years in Sri Lanka and the tile 

industry intends to substitute ball clay with another suitable 

clay. In this study, the New Kaolin source was investigated for 

the tile industry as the main clay mineral with Feldspar, 

Dolomite, and Bentonite Clay. Initially, new Kaolin clay was 

characterized using X-ray diffraction, wet chemical analysis, 

and differential thermal analysis. It consists of 56.78% of Silica. 

The body mix of the tiles was prepared and the Particle size 

distribution of the body mix was determined.   The shape of the 

tiles was obtained using a powder pressing method. Samples 

were dried in an oven and fired in a muffle furnace at 1100oC, 

1150oC, 1180oC, and 1200oC. Relationships between the physical 

properties of the fired tiles have been established. The improved 

physical properties of tiles at the firing temperature of 1200 0C 

complied with ISO 13006 standard. Based on this study, M2 

Kaolin can be strongly recommended as a highly appropriate 

clay material for the ceramic tiles manufacturing industry in Sri 

Lanka.     
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I. INTRODUCTION  

In the current economic context, innovation is the survival 
of highly competitive businesses[1], [ 2]. Innovation is the 
main key factor for the Manufacturing Industries and priority 
is given to introducing new raw materials and manufacturing 
technologies to reduce the cost of production through the 
innovations [3]. The global statistics for production, 
consumption and international trade of ceramic tiles have been 
increasing rapidly at a global level for a number of years [1]. 
The manufacturing costs of ceramic products are 
comparatively high and the manufacturing process is also 
highly complicated [3], [4]. Therefore, the priority of the 
ceramic industry is to control and reduce the defects of the 
product during the manufacturing processes [3]-[5].    

The main ceramic manufacturing steps are powder 
preparation, forming, drying, and firing. Body mix  of ceramic 
bodies is prepared using main raw materials with required 
particle size or size distribution. The shape of the ceramic 
product is obtained by forming processes such as pressing, 
casting, extrusion, etc. Many defects can be introduced during 
the drying and firing processes. Therefore, drying and firing 
processes are highly critical for the ceramic manufacturing 
industries. [4]-[6].   

In the case of the ceramic tile industry, natural clay and 
clay mineral raw materials are important which directly affect 
for physical properties of ceramic bodies such as water 

absorption, strength, shrinkage, etc. In general, the main 
structure of the tile body is made with Quartz, Ball Clay used 
as a binder, and Feldspar and Dolomite used as fluxing 
materials. Although, the availability and purity of the raw 
materials is a critical factors for the industry and novel clay 
sources need to be found to sustain the ceramic tile industry. 
In this research, we have modified ceramic tile body 
composition by introducing natural kaolin clay from a new 
clay deposit located at Meetiyagoda in the southern province 
of Sri Lanka. The new clay deposit was coded as M2 Kaolin 
and it contained a higher amount of silica.  In this study, our 
aim is to substitute Ball Clay entirely with Kaolin from a new 
clay mine. Detail analysis of M2 Kaolin was conducted to 
determine its suitability for the ceramic tiles industry. 
Thereafter M2 Kaolin was investigated as the main raw 
material of ceramic tile body composition to establish the 
physical properties of ceramic tiles.    

 

II. EXPERIMENTAL PROCEDURE 

New Kaolin clay (M2 Kaolin) was used as the main raw 
material for this study and it was extracted from Meetiyagoda, 
a Southern province of Sri Lanka.  The area of Meetiyagoda 
is located between the coordinates 6°11′23″ N; 80°5′
43″ E and 6°11′15″ N; 80°5′36″ E .   

A. X-ray Diffraction (XRD) Analysis of M2 Kaolin 

Phase analysis of M2 Kaolin was done by X-ray 
diffraction (XRD) techniques using ‘Rigaku Ultima IV’ X-
Ray diffractometer, (CuKα1:1.5406 Å).  

B. Chemical Analysis of M2 Kaolin 

Wet chemical analysis of M2 kaolin was performed to 
identify the amount of SiO2, Al, Fe, Ca, Mg, Na, K, Mn, and 
volatile components (loss on Ignition – LOI) of the M2 
Kaolin. 

• 0.5g of finely grounded sample was accurately 
weighed and it was mixed with 2.5 g of sodium 
carbonate and fused at 950 0C in a muffle furnace. The 
molten mass was dissolved in dilute HCl and the 
precipitated silica was collected on a filter paper after 
double evaporation. The filter paper burned and weigh 
the SiO2 precipitate.  Then, the precipitate was treated 
with Hydro Fluoric acid (HF) and the SiO2 percentage 
was calculated using the weight loss after HF 
treatment.  

• 0.5g of finely grounded sample was accurately 
weighed and it was treated with 15ml of Hydro Fluoric 
acid (HF) and 5ml of Nitric acid. Then the solution was 



heated on a hot plate until completely dissolved the 
sample. Then excess HF was evaporated and a clear 
solution with 2% nitric acid in a 250 ml volumetric 
flask was made. This solution was used to analyze Al, 
Fe, Ca, Mg, Na, K, and Mn using Atomic Absorption 
Spectrophotometer (GBC 33AA) and P and Ti using 
UV-Visible Spectrometer.   

• Accurately weighed 1g of finely grounded sample was 
heated at 950 0C in a platinum crucible. The percentage 
weight loss was taken as a loss on ignition (LOI) %. 

  

C. Body Mix Preparation 

Wet ball mill grinding process was used to adjust the 
Particle size distribution of M2 Kaolin. Then M2 Kaolin was 
prepared in a form of dry powder.  

The dry Powder form of raw materials was used for body 
mix preparation which contains 45% of M2 Kaolin, 45% of 
Feldspar, 5% Dolomite, and 5% of Bentonite Clay. 

D. Particle Size Analysis of M2 Kaolin and Green Body 

Mix 

Particle size testing was conducted for M2 Kaolin clay and 
green body mix using ‘Chengdu Jingxin Powder Analyse 
Instrument Co.,  (JL-1177)’ Laser Particle Size analyzer.   

E. Differential Thermal and Thermo Gravimetric analysis 

(DTA/TGA) of M2 Kaolin and Green Body Mix 

Thermal behavior of M2 Kaolin clay and green body mix 
was determined using differential thermal and thermo 
gravimetric analysis (DTA/TGA) under nitrogen atmosphere 
from room temperature to 1100 0C at a heating rate of 10 /min. 

F. Determination of Physical Properties of Ceramic Tiles  

Powder pressing process was used to prepare laboratory 
ceramic tiles samples with 80 mm length, 60 mm width, and 
10 mm thickness. The tile samples were dried in an oven at a 
constant temperature of 80oC. The dried samples were fired in 
a muffle furnace at 1100, 1050, 1080, and 1200 oC.  

In this investigation, physical and mechanical properties 
of the ceramic tiles such as linear shrinkage, volume 
reduction, modulus of rupture (MOR), and water absorption 
were obtained. The linear shrinkage and volume reduction 
were determined according to equations (1) and (2). 

  Sl =
  �i −  Lf

 �i

*100%                                             (1) 

∆V =
  �i − �	

 �i

*100%                                             (2) 

Where,  

Sl is linear shrinkage, 

Li is initial length, 

Lf is final length, 

∆V is volume reduction, 

Vi is initial volume, 

and Vf is final volume, 

Modulus of rupture (MOR) and water absorption of the 
samples were measured as per the ISO 13006 standard. Loss 

on Ignition (LOI) and bulk density of the samples with firing 
temperature were also determined. 

 

III. RESULTS AND DISCUSSION 

A. X-ray Diffraction (XRD) Analysis of M2 Kaolin 

Figure 1 represents the X-ray diffractograms of the M2 
Kaolin. The main phases identified by XRD in the M2 Kaolin 
are kaolinite [Al2Si2O5(OH)4], and quartz alpha.  Mainly 
quartz contains Silica.  

The combination of kaolinite and silica may result in more 
benefits for ceramic tile bodies in the ceramic tile industry if 
the M2 Kaolin is used as a raw material. Because quartz 
constructs the main structure of the ceramic tile body and 
kaolinite improves the plasticity of the ceramic tile body.  

B. Chemical Analysis of M2 Kaolin 

Main mineral composition of the M2 kaolin is given in 
Table Ⅰ. According to Table Ⅰ, silica and alumina content of 
the M2 Kaolin is 56.78 % and 27.27 % respectively and loss 
on ignition (LOI) is 13.47%.  

 

TABLE I.  MAIN MINERAL COMPOSITION OF THE SRI M2  KAOLIN 

Constituents Contents % w/w 

SiO2 56.78 

Al2O3 27.27 

Fe2O3 0.84 

K2O 0.78 

Na2O 0.25 

MgO 0.16 

CaO 0.07 

TiO2 0.31 

MnO 0.01 

P2O5 0.01 

  

 
Fig. 1.  A. X-ray diffraction analysis of M2 Kaolin  



The Fe2O3 content is very low and it is a great advantage 
for the ceramic tile industry compared to ball clay. Hence, iron 
removing steps is not necessary to ceramic tile manufacturing 
process. 

 

C. Particle Size Distributions of M2 Kaolin and Green 

Body Mix 

 

 
 

 
Figure 2 and 3 represents the size distribution of particles 

in relation to particle diameter vs percentage of total particle 
volume percentage of M2 Kaolin clays and green body mix of 
tile, as evaluated by dimensions of low angle laser light 
scattering (LALLS) technique. The average particle size 
(D50) of the M2 Kaolin clay is 0.971 µm and 90% of the 
particles in M2 Kaolin clay are less than 5.278 µm. The 
average particle size (D50) of the green body mix of tile is 

24.012 µm and 90% of the particles in the green body mix of 
tile are less than 63.340 µm.  

 The average particle size distribution of each raw material 
is shown in Table ⅠⅠ. The average particle size distribution 
(D90) of the feldspar and dolomite are 28.208 µm and 29.121 
µm respectively. M2 Kaolin particle sizes are finer with 
compare to other raw materials particle sizes.  However, the 
body mix has a highly appropriate particle size distribution 
and it gives good packing density for the tile body during the 
pressing process. The average packing density of the tiles after 
pressing was determined as 1.72 g/cm3.  

 

TABLE II.  AVERAGE PARTICLE SIZE DISTRIBUTION OF RAW 
MATERIALS 

Raw Materials 

Average Particle Size (µm) 

(D50) (D90) 

M2 Kaolin 0.971 5.278 

Feldspar 28.208 65.458 

Dolamite 29.121 65.590 

Bentonite 2.444 17.758 

 
 

D. Differential Thermal Analysis and Thermo Gravimetric 

Analysis (DTA/TGA)  of M2 Kaolin and Green Body Mix 

 

 

Thermal characterization of clay material by differential 
thermal analysis (DTA) and thermo gravimetric analysis 
(TGA) was carried out in inert atmosphere to 1100 0C at a 
heating rate of 10 /min. 

Figure 4 shows differential thermal analysis (DTA) and 
thermo gravimetric analysis (TGA) curves for M2 Kaolin.  
The differential thermal analysis (DTA) of the clay shows 
various reaction peaks (endothermic and exothermic) during 
heating to 1100 0C. The first endothermic peak occurs at a 

 

 Fig. 4. Differential thermal analysis and thermo gravimetric analysis 
curves for M2 Kaolin  

75

80

85

90

95

100

105

-15

-10

-5

0

5

10

15

20

25

0 200 400 600 800 1000 1200

D
T

A
 (

uV
))

Temperature (0C)

DTA

TGA

W
e

ig
h

t 
Lo

ss
 (

%
)

Fig. 2. Particle size distribution of M2 Kaolin 
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Fig. 3.  Particle size distribution of green body mix of tile 
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temperature between 70 and 100 0C; this peak is due to the 
removal of physically combined water present in the M2 
Kaolin clay. The endothermic peak occurred at a temperature 
between 490-520 0C and it exhibited a complete 
transformation of kaolin to metakaolin due to the 
dehydroxylation process. The exothermic peak at a 
temperature between 560-580 0C revealed the transformation 
of α-quartz into β-quartz respectively. The exothermic peak at 
980–1000 0C is due to conversions of metakaolin to spinel.  

The thermo gravimetric analysis (TGA) shows about 
11.3% of mass reduction for M2 Kaolin Clay in the 
temperature range 300–1000 0C 

  

 

Figure 5 show differential thermal analysis (DTA) and 
thermo gravimetric analysis (TGA) curves for green body mix 
of the tile.  The differential thermal analysis (DTA) of the 
sample shows various reaction peaks (endothermic and 
exothermic) during heating to 1100 0C. The first endothermic 
peak occurs at a temperature between 70 and 100 0C due to 
the removal of physical combined water present in the clay. 
Figure 5 shows an endothermic peak at a temperature between 
490-520 0C due to the dehydration process of Kaolin clay. The 
exothermic peak between 560-580 0C was observed. The 
transformation of α-quartz into β-quartz occurred as these 
temperatures range.  The endothermic peak at temperatures 
between 700-720 0C due to decomposing of Magnesium 
Carbonate and calcium carbonate in the body mix. The 
exothermic peak at 940–1000 0C occurred due to conversions 
of metakaolin to spinel.  

The thermo gravimetric analysis (TGA) shows about 
10.1% of mass reduction for body mix in the temperature 
range 300–1000 0C 

 

E. Determination of Physical Properties of Fired Ceramic 

Tiles 

Both linear shrinkage and volume reduction of ceramic 
tiles increased with the increasing firing temperature as shown 
in figure 6. Alumina and silica are the main components of the 

tile body mix. The formation of viscous melt in the firing 
process is accomplished by feldspar melting. Pores of the tile 
body are filled with molted feldspar and the volume of the 
glassy phase is decreased during the cooling process. 
Therefore, linear shrinkage and volume reduction can be 
observed the firing process. The maximum percentage of 
Linear Shrinkage and volume reduction are 7.5 % and 24.0% 
respectively at 1200 0C. 

 

 

Figure 7 shows a variation in water absorption percentage 
and modulus of rupture (MOR) values for ceramic tiles with 
firing temperature. The water absorption is decreased and the 
modulus of rupture (MOR) is increased with firing 
temperature. The maximum value of water absorption is 3.5 
% at 1200 0C and comparatively, MOR is 20.7 N/mm2. When 
firing temperature is increased, liquification ability of feldspar 
is increased and hence glassy phase can be filled pores tiles. 
Therefore number of voids of the body is reduced and 

Fig. 6.  Volume reduction and linear shrinkage variation of ceramic tiles 
with different firing temperature 
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Fig. 7.  Water absorption and MOR variation of ceramic tiles with  
different firing temperature 
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 Fig. 5. Differential thermal analysis and thermo gravimetric analysis 
curves for green body mix 
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similarly solidity also increased. Hence, the packing density 
of the tiles also increased with firing temperature as shown in 
Figure 8. The highest value of packing density is 2.0 g/cm3 
which is given at a temperature of 1200 0C. Finally, the bond 
between each phase of the body is increased with temperature 
and the strength of the tile body also increased. According to 
Figure 8, the loss of ignition (LOI) varies with firing 
temperature which has a negligible 0.6% of variation at 
temperature range 1100-1200 0C.  

 

The best physical properties of tiles can be obtained by 
controlling the formation of a vitreous phase of the tile body. 
Therefore, firing temperature is a critical factor for controlling 
the formation of a vitreous phase of the tile body.   

Chemical analysis and X-ray diffraction confirmed that 
kaolinite [Al2Si2O5(OH)4],  and quartz alpha are the main 
phases of the M2 Kaolin with 56.78% of SiO2 and 27.27% of 
Al2O3. Quartz is the main type of component of the structure 
of the ceramic tile body. In addition, kaolinite is a highly 
plastic material. Therefore, M2 kaolin clay gives the super 
advantage to the ceramic tile body due to a couple of kaolinite 
and quartz.   

The formation of viscous melt is a key role in the firing 
process which is accomplished by feldspar melting. Pores of 
the tile body filled with molted feldspar and developed the 
glassy phase. Therefore, the best physical properties of tiles 
can be obtained, by controlling the formation of the vitreous 
phase of the tile body. The firing temperature is a critical 
factor for controlling the vitreous phase of the tile body. 
Hence, the modulus of rupture (MOR), bulk density and linear 
Shrinkage, and volume reduction of ceramic tiles are 
increased with increasing firing temperature, while water 
absorption decreases with increasing firing temperature.  The 
highest value of modular of rupture (MOR) and lowest value 
of water Absorption percentage is 20.7 N/mm2 and 3.5% 
respectively at a firing temperature of 1200 0C.  

In this study, the natural ball clay was replaced with 
natural M2 Kaolin clay, and M2 Kaolin was used without any 
chemical modification. Therefore no significant raw materials 

cost variation compared to the body mix used in the ceramic 
tiles industry in Sri Lanka. 

 

VII. CONCLUSIONS 

This research work was focused on the development of 
ceramic tiles body composition using M2 Kaolin (natural 
kaolin) from a new clay mine in Sri Lanka.   

Clay analysis confirmed that the M2 Kaolin is a high 
purity natural clay type with a large amount of silica. 
Therefore M2 Kaolin can be used as the main raw material for 
the ceramic tile industry.   

Relationships between the M2 Kaolin and the physical 
properties of the fired ceramic tiles have been established. The 
improved physical properties of tiles at the firing temperature 
of 1200 0C complied with ISO 13006 standard. The raw 
materials preparation, body preparation and firing procedures 
adopted with the M2 Kaolin are comparable with existing 
techniques in the local tile industry. Therefore, based on this 
study, M2 Kaolin can be strongly recommended as a highly 
appropriate clay material for the ceramic tiles manufacturing 
industry in Sri Lanka.     
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