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Abstract:  Brick clay is a well known type of clay which is available at various locations in world and the name was realized because of 

the constantly usages in the industry of brick manufacturing that based on the condign characteristic with the necessitate features for the 

bricks. The investigations of the fundamental and advanced physic-chemical characteristics of a type of Sri Lankan brick clay and 

bespeaking of the more advanced industrial uses of such clays are the ultimate realities of the existing study. The collected clay samples from 

a particular location were fundamentally characterized by testing the natural moisture content, grain size distribution, acidity of raw clay 

samples and the water absorption, bulk density, porosity and mechanical strengths of prepared bricks under 8000C using such clay  In 

addition that those clay samples were characterized using X-ray fluorescence (XRF) spectrophotometer, Fourier transform infrared (FT-IR) 

spectrophotometer and X-ray diffraction (XRD) spectrophotometer. As the retributions of those analyses, mainly observed 6.57 of PH, 

uniformly graded grain size distribution, 37.36% clay and silt portion according to the weight and 21.45% natural moisture content from 

raw clay samples and 19.88% water absorption, 3.15 gcm-3of bulk density, 62.70% of porosity,  17.25MPa  compressive strength, 0.31MPa 

splitting tensile strength from prepared bricks. The compositional analysis results showed 84% of Fe content with trace amounts of Ti, Ba 

and Ca, presence of calcite, quartz and more Fe minerals while lacking of any hazardous elements or compounds such as the heavy metals. 

By considering the characters of brick clay, it is possible to recommend this clay for the applications of water treatments, ceramic 

manufacturing, refractory material and sorption (adsorber) material for removal of metals.  
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1. Introduction 

Clays are a group of minerals which are available in large 

number of locations around the world while having a series of 

various characteristics including physical, chemical and 

mechanical characteristics.  In addition, the mineralogy of clay 

plays a dominant role in the industrial uses. According to the 

foremost characteristics of clays, less permeability and high 

porosity are really useful as a raw material. Among the 

traditional applications of clays the followings are mainly 

highlighted [1, 2, 3, 4, 5, 6, 7].  

 Pottery industry  

 Building material industry  

 Ceramic and porcelain industry  

In addition that there were disclosed the suitability of different 

clay types for different advanced industrial applications through 

the outcomes of the valuable researches as given in the below 

[2-9].  

 Water treatment applications  

 Manufacturing of advanced composite materials  

 Heat resistant materials (refractory)  

In the characterizations of clays for advanced technological 

uses, mineralogy and the chemical composition of such clay 

would be considered as a foremost property because the clay 

minerals may have some specific characterizations which are 

useful in the specific advanced industrial tasks such as the 

adsorption, ion exchange and heat resistant. The common 

minerals that commonly found in clays are kaolinite, 

montmorillonite and some other ferrous minerals. When 

concerning their characteristics, they were identified as strong 

adsorbers for some metallic elements [1, 2, 4, 6, 7-10].   

There were expected to investigate the prominent characteristics 

of Sri Lankan bricks clay and disclose the feasibility of using in 

advanced industrial applications through the existing research.  

 

  2. Materials and Methodology  

In the collection of clay samples, Maduragoda area was selected 

as the study area which is a famous area for the manufacturing 

of bricks in Sri Lanka because of the availability of adequate 

clays for such industry around the region of Maduragoda in 

Kurunegala district.  Therefore, this clay type is usually known 

as brick clays. A representative clay sample of brick clay is 

shown in the Fig.1.  

 

Fig. 1. A brick clay sample 

The collected clay sample were carefully stored in polythene bags 

until performing of the experiments.  

2.1. Analysis of Natural Moisture Content  

The initial weights of two selected raw brick clay masses were 

mesured uing an analytical balance. The weighed clay samples were 

oven-dried for 24 hours under the temperature of 1100C and the dry 

weights of such clay samples were measured using the same 

analystical balance. The moisture contents of those clay samples 

were computed using following equation [5-10].  

Moisture content = [(WR – WD)/ WD] * 100%                 (1) 

Where, 

WR = Weight of raw clay sample (g)                                                            

WD = Weight of dried clay sample (g)  

2.2. Analysis of the Acidity  

A 5g mass of raw clay bulk was dissolved in 50ml of distilled water 

while stirring well and the PH value of such clay solution was 

measured using a digital PH meter. The temperature of the system 

was 25.40C and the PH value of the distilled water was 7.00 [6-9].     
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2.3. Analysis of the Properties of Bricks  

A few of bricks were manufactured using this clay based on the 

investigations of water absorbance, bulk density, porosity and 

mechanical strengths of the bricks of such clays.   

A separated raw clay portion was matured while adding water 

consecutively and placed in similar moulds which had been 

prepared 10cm*6cm*1.5cm of size each one.    

The wetted clay blocks were allowed to solidify about seven days 

with the absence of direct sun light. After seven days the moulds 

were removed and the solidified clay bulks were oven dried for six 

hours under the temperature of 1100C and finally the dried clay 

blocks were fired using a muffle furnace under the average 

temperature of 8000C for nine hours [6, 7, 8, 10].  

The fired clay blocks were allowed to expose to the normal 

environmental conditions for a few hours after extinguishing in the 

muffle furnace about a day.  

 

Fig.2. Prepared bricks 

One of prepared brick was oven dried again until getting constant 

weight and that weight was recorded.  The brick was entirely 

immersed in water for 24 hours and the wetted weight of the brick 

was measured and recorded. The water absorption of such brick was 

computed using following equation [3, 7-10].  

Water absorption = [(WW – WD)/ WD] * 100%             (2) 

Where, 

WW = Weight of wetted brick (g)                                                            

WD = Weight of dried brick (g)  

Bulk density of the brick was computed using following equation.  

Bulk density = WD/ V                                  (3)  

Where, 

WD = Weight of the dry brick (g)                                                                    

V= Volume of the brick (cm3) 

The porosity of the brick was computed as follows.  

Porosity = [(WW – WD )/ ρ * V]                      (4) 

Where,  

WW = Weight of wetted brick (g)                                                            

WD = Weight of dried brick (g)                                                                      

ρ = Density of the absorbed liquid by the brick (gcm-3)                              

V= Volume of the brick (cm3) 

Apart from the physic-chemical analysis of raw clays and bricks, 

the compressive strength and splitting tensile loads of prepared 

bricks were measured using universal tensile strength testing 

machine.  The relevant compressive strengths and splitting tensile 

strengths of bricks were determined using following equations [5-

9].  

Compressive Strength = FC / A                        (5) 

Where, 

FC = Applied compressive load in the failure of the structure (N)              

A=   Surface area of the bed surface of the brick (m2)   

Splitting Tensile Strength = 2 F/ (π*H*L)                (6) 

Where, 

F = Maximum applied load at the failure of the structure (N)                   

H = Distance between two edges (bridges) (m)                                          

π = Constant (3.142)                                                                                     

L = Splitting length (m) 

                     

 

Fig. 3. Universal tensile strength testing machine 

 

Fig. 4. (a) compressive breaking and (b) splitting tensile 

breaking of bricks 
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2.4. Analysis of the chemical composition of brick clay  

Three sufficient clay portions were separated from raw clay 

bulk and those clay portions were oven dried for 24 hours under 

the temperature of 1100C until removal of the moisture based on 

following investigations.  

 Portion 1- Mineralogical analysis (XRD spectrometer) 

 Portion 2- Elemental analysis (XRF spectrometer)  

 Portion 3- Analysis of organic and inorganic functional 

groups (FT-IR spectrometer)  

A one of clay portion was crushed using a ball mill for 15 

minutes until becoming powdered clay (< 0.037mm).  

 

Fig.5. Ball mill (comminution machine) 

 

The powdered clay sample was oven dried again for a few hours 

under the temperature of 1100C and the final representative clay 

sample was selected using the coning and quartering method as 

shown in Fig. 6. The selected representative clay sample was 

analyzed using X-ray diffraction (XRD) spectrometer. 

 

Fig. 6. Coning and quatering method  

Coning and quartering method is frequently using method for 

the selection of final representative sample from large sample 

for some experiment or analysis. According to the limitations of 

that method the final representative samples would be a 

combination of two quarters which are located along a same 

diagonal (A and C or B and D).  

One of other clay portion was crushed using a ceramic crucible 

while shuffling the portion well and oven dried for a few hours 

under the temperature of 1100C and the selected final 

representative clay portion through the coning and quartering 

method was analyzed using X-ray fluorescence (XRF) 

spectrometer.   

The remaining clay portion was dissolved in a measuring 

cylinder using distilled water while shaking the system and the 

shaking period was continued for 15 minutes including a few of 

stirring activities.  The well shacked system was allowed to 

settle down for 3 hours.  The upper clay portion was sucked out 

using a medical dropper and collected that sucked portion 

(finest portion). The collected portion was oven dried for 24 

hours under the temperature of 1100C. The dried clay portion 

was crushed using a ceramic crucible and the finest powder was 

produced. The final representative sample was selected using 

coning and quartering method and the final representative clay 

sample was analyzed using Fourier transforms infrared (FT-IR) 

spectrometer [1-7].      

  

Fig.7. (a) X-ray fluorescence (XRF) spectrometer, (b) X-ray 

diffraction (XRD) spectrometer and (c) Fourier transforms infrared 

(FT-IR) spectrometer    

3. Results and Discussion  

The investigated physic-chemical and mechanical 

characteristics of raw clays and prepared bricks are given in the 

Table 1.  

Table 1. Physical, chemical and mechanical characteristics of brick 

clay 

Physical, Chemical or Mechanical 

Character 
Magnitude 

PH 6.57 

Natural moisture content (%) 21.45 

Water Absorption of Bricks (%) 19.88 

Bulk Density of Bricks (gcm-3) 3.15 

Porosity of Bricks (%) 62.7 

Compressive Strength of Bricks (MPa) 17.25 

Splitting Tensile Strength of Bricks (MPa) 0.31 
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According to such characteristics it seems that the clay is 

neutral clay (slightly acidic), relatively higher dense due to the 

presence of highly dense coarse particles such as the sand particles, 

high porosity, intermediate moisture content and the water 

absorption capacity of brick was slightly reduced and the bricks are 

strengthen enough with the mechanical forces such as the 

compressive force and splitting tensile force. In the further 

clarification and analysis of such characterizations the followings 

forecasts could be made regarding the applications of such bricks 

clay [1,2,6,7,8,9,10,11,12].  

 

 Manufacturing of some hard materials such as abrasive 

materials because of the higher mechanical strength.   

 Advanced water treatment applications because of the higher 

porosity which is an important character for the process of 

adsorption due to the increasing of surface area with the 

porosity.  
 

The X-ray diffraction (XRD) spectrum of brick clay is shown in the 

Fig.8.  

 

 

Fig.8. X-ray diffraction (XRD) spectroscopy of brick clay 
The observations and the basic assignments of the mineralogy of the 

brick clay have been summarized in the Table 2 [2, 3, 4, 5, 6 - 9].  

 

Table 2. Description of XRD spectrum of brick clay 
 

Major Intensity Peaks at 2Ө Indicated Mineral  

12, 25, 37 Kaolinite 

21, 27, 36,39, 43, 50 Quartz 

20, 35, 55 Muscovite  

According to the above description the presence of kaolinite, 

muscovite and quartz is confirmed as the mineralogy of brick clays. 

The advanced description on the results of further chemical analysis 

has been done in following sub sections.  

The X-ray fluorescence (XRF) spectrum of brick clay is shown in 

the Fig.9.  

Table 3. Elemental composition of brick clay 

Element Content (%) 

Fe 84.38 

Ti 5.92 

Ca 7.56 

Ba 2.14 

 

 

Fig.9. X-ray fluorescence (XRF) spectroscopy of brick clay 

The elemental composition of brick clay is shown in the Table 3.  

According to the above results the Fe was found as the most 

abundant element in brick clay with Ti, Ca and Ba as trace 

elements. Usually those elements are found in clays as their oxides 

because of the reaction between such metallic elements and water or 

moisture. The presence of CaO indicates the higher ion exchanging 

capacity and heat resistant capacity of such clay. In addition that it 

is possible to expect some content of Fe mineral in brick clays [5, 6, 

7, 8-12].  

The Fourier transforms infrared (FT-IR) spectrums of bricks clay 

are shown in the Fig.10 and Fig.11.  

 

Fig.10.  Fourier transforms infrared  (FT-IR) spectroscopy of 

brick clay (absorbance) 

 

Fig.11.  Fourier transforms infrared  (FT-IR) spectroscopy of 

brick clay (transmittance) 
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The above FT-IR spectrums showed the presence of major peaks of 

wave numbers at 3702 cm-1, 3629 cm-1, 1001 cm-1, 909 cm-1, 530 

cm-1, 469 cm-1 and 420 cm-1 that denote the presence in order of OH 

stretching of inner surface hydroxyl groups, OH stretching of 

structural hydroxyl groups, Si-O stretching, OH deformations of 

inner hydroxyl groups, Al-O-Si deformation and Si-O-Si 

deformation. Those inorganic functional groups confirmed that the 

presence of kaolinite, muscovite and quartz in brick clays [3, 5-12].  

In the further clarifications regarding the kaolinite, it seems that the 

brick clay may have higher adsorption for metals such as Co, Cu, 

Fe, Ni, Mn, As, Hg with some other toxic metals and some of 

pathogens from some solvents. Therefore, it is possible to suggest 

the development of this brick clay or some more clay types which 

are having those components for the water treatment applications 

and some other advanced metal extraction processes.  

4. Conclusion and Remarks  

This brick clay type is much dense while having higher porosity and 

intermediate water absorption.   According to the chemical 

composition, there were found some higher Fe content with Ba, Ca 

and Ti with koalinite, muscovite and quartz as the mineralogy.  This 

clay type should be an appropriate material for the manufacturing of 

hard composites, refractory materials, ion exchanging material and 

adsorber for a series of advanced industrial applications.  
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