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1. INTRODUCTION 

Bricks, a prevalent building material, are used extensively in the construction industry. India and the 

United States, for example, consume 20 billion and 9 billion bricks each year, respectively [1]; [2]. 

The annual worldwide production of bricks is about 1.391 trillion units and demand for bricks is 
expected to continue rising [3]. With increasing demands of the construction industry, bricks quality 

and cost become more important day by day. Clay bricks, made from clays, silica, fluxes, coloring 

and other raw materials are one of the simplest examples of the traditional ceramic body. They are 
prepared by grinding, sieving, mixing, moistening, shaped by pressing, casting or other processes, 

usually at room temperature. Then they are dried and subsequently fired at a high temperature. Bricks 

are widely used in buildings, foundation walls and boundary. Depending on the degree of firing at 

high temperature, the chemical/mineralogical, physico-chemical, mechanical and thermal properties 
of the ceramic bodies are varied. All these properties of the clay ceramic bricks are interrelated to 

each other. 

Different clay minerals are the principal raw materials which have a large effect on their technological 
properties for manufacturing various clay bricks [4]. Content of water and dispersion of the solid 

phase of the clays used for the production of the clay bricks should be optimized taking into account 

subsequent drying and sintering to ensure the maximally high parameters of the brick product. The 
chemical composition of the clay raw materials is one of the main indicators for selection of a 

component for the final mixture. Al2O3 has the largest effect on the properties of ceramic articles. As 

the Al2O3 content increases the refractoriness and mechanical strength of the material increases. On 

the other hand, SiO2 decreases the shrinkage and it also decreases refractoriness of the ceramic 
products. Varieties of feldspars, sodium, potassium, calcium, magnesium, iron and titanium oxides are 

strong fluxes, which decrease the viscosity of the liquid phase of the ceramic products. High Fe2O3 

and TiO2 content of clay reduce the quality of the product but offer higher plasticity and mechanical 
strength. 

On the other hand, the amounts of fluxing oxides show a direct correlation with bulk density and an 

inverse relation with water absorption of the fired clay ceramic bodies. Important source of these 

fluxing oxides are different feldspars and the presence of high concentration of fluxing components in 
the clay ceramic body permit a lowering of its firing/sintering temperature [5]; [6]; [7]; [8]. It was 

investigated the effect of the particle size distribution of feldspar on the formation of pores in the 
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green compact and the final clay ceramic products [5]. In addition, the porosity also affects their 
mechanical properties. It was reported that the Young’s modulus decreased with increasing porosity 

[6], and at equivalent porosities, specimens with small pores were found to have a higher Young’s 

modulus than specimens with large pores [7]. It is equally understandable that porosity of clay 
ceramic bodies is associated with inferior quality, because high porosity and surface pores create the 

same problems in mechanical properties of the bodies. It is also important to acknowledge that 

inferior ceramic tile is not one that simply has high porosity, but the number and size of surface pores 

is equally important [8]. However, such type of chemico-mineralogical and sintering properties of the 
fired ceramic bodies available in local market of Nepal is reported very few in the scientific 

community of Nepal [9]; [10]; [11]. Considering these facts behind the quality of old clay bricks to 

correlate their mechanical properties with chemico-mineralogical composition, the present research 
work is focused to characterize the mineralogy and phases present in the collected three different a 

century old bricks used as a local house construction material in Patan city of Kathmandu valley, 

Nepal using techniques of XRD and FTIR analysis. 

2. MATERIALS AND METHODS 

2.1. Sampling Site and Sample Preparation 

Three clay brick samples were collected from three buildings (more than hundred years old) of Patan, 

an ancient city of Nepal, to characterize their chemical and mineralogy. Small broken pieces of the 
brittle bricks potsherds without glaze were thoroughly hand grounded to fine powder in agate mortar 

as shown schematically in Fig. 1. 

 

Figure1. Schematic representation of preparation of the sample specimens for recording XRD and FTIR spectra 

of the ceramics bricks 

2.2. XRD and FTIR Analysis of Bricks 

Phase and chemico-mineralogical characterization of the clay ceramic brick samples was carried out 

at Nepal Academy of Science and Technology (NAST), Khumaltar, Lalitpur using X-ray diffraction 
(XRD) analysis on a D8 Advanced  Diffractometer (Bruker, Germany) with Cu Kα radiation (λ = 

0.15418 nm) at a scanning speed of 2
o
/minute in 2θ mode between 20°–80°. Major and minor phases 

present in ceramic bodies of bricks were identified from their basal spacing (d-spacing) values using 
JCPDS files as a reference. The samples were loaded in a sample holder in a randomly orientated way 

to minimize preferred orientations of clay minerals. Characterization of the brick specimens were 

qualitatively determined using Fourier Transform Infrared Spectrophotometer (FTIR) A217053 and 

spectra was recorded at Nepal Academy of Science and Technology (NAST) using KBr pellet. 

3. RESULTS AND DISCUSSION 

3.1. Mineralogical Analysis of Clay Bricks 

The mineralogical analysis of three fired clay bricks were carried out using both techniques of powder 

X-ray diffraction (XRD) and Fourier transform infrared spectroscopic (FTIR) in the present research 

work. 

3.1.1. XRD Patterns of Clay Bricks 

XRD technique is one of the mostly used methods to identify different minerals and compounds 

present in fired clay bricks [12]. Qualitative identification of the phases present in the clay bricks by 
XRD patterns is relatively easy, although several factors makes complication for accurate 
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identification of the phases present in them [13]. Phases developed during the firing step of the clay 
ceramic bodies are generally correlated with their physico-chemical and mechanical properties [14]. 

On the other hand, mineralogy study of the clay-based ceramic bodies is one of the widely accepted 

tools for the approximate determination of firing temperatures. In this context, present work was 
focused to identify the phase compositions of three collected clay bricks from Patan city of 

Kathmandu valley using XRD patterns and the results are shown in Figs 2-4. Crystalline phases 

present in the analyzed three fired ceramic brick samples were identified mainly of quartz, feldspars, 

cristobalite, biotite, muscovite and mullite with the help of the corresponding JCPDS (Joint 
Committee on Powder Diffraction Standards) database files [15]. 

The mineralogical phases existed in all three clay brick samples used to analyze in this study by XRD-

patterns are almost same, i. e., quartz, cristobalite, mullite, feldspars and different clay minerals, 
mostly of mica minerals. However, the mullite phase in samples Brick-P2 and Brick-P3 is more 

clearly observed than the Brick-P1 sample. This result indicates that the firing temperature of these 

ceramic bricks should not be same. It is assumed that the firing temperature used to produce the 
century old brick samples of Brick-P2 and Brick-P3 should be higher than that of the brick sample of 

Brick-P1. It was reported that a spinel-type phase was appeared in ceramic bodies after fired at above 

900°C and the spinel was lost and mullite crystals begin to develop at about 1050°C and the spinel-

type phase completely disappears with increasing firing to 1100°C and the mullite phase becomes 
very pronounced [16]. Consequently, it can be said that the presence of the mullite phase instead of 

the spinel-type phase in all three fired clay bricks analyzed in this study were fired at high temperature 

of 1100°C and high. On the other hand, as shown in Figs 2-4, the XRD patterns of the muscovite and 
biotite type clay minerals is clearly observed in the clay raw minerals used to produced the fired brick 

samples used to analyze in this study.  This reflects that the raw materials used to produce these brick 

samples are not different, but the firing temperature should be different. It is meaningful for 

mentioning here that the mullite phase was found to be formed after the breakdown of the muscovite 
mineral by TEM study [17] and the similar results were reported by other researchers [18]; [19]. 

 

Figure2. XRD patterns of clay brick-P1 

Due to the fact that the ceramic systems are non-equilibrium systems, different phases develop as the 

heating temperature varies both in time duration and degree. Consequently, it becomes difficult to 
predict the exact final phases of the end products of the fired ceramic bodies like bricks. The main 

constituents of the clay bodies are mullite and quartz which are held together by forming glass phase 

(initiated from the melting of feldspar) when ceramic raw materials are fired at high temperature. Due 
to the presence of impurities in some raw materials of the ceramic bodies, attached minor phases 

inevitably develop that had negative effects on the mechanical properties. In general, the mechanical 

properties of the fired clay bodies are worsening in presence of undesired phases like calcite and 

dolomite observed in XRD patterns of the fired clay bricks [20]; [21]; [22]; [23]. However, there is no 
sign of the presence of calcite and dolomite phases in the presently analyzed three brick samples and 
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presence of mullite and residual forms of quart and cristobite indicated that these a century old brick 
samples should have good mechanical and physico-sintering properties. It is considered that the 

mechanical strength of the ceramic bodies can attribute to the formation of mullite, residual quartz 

content and its particle size, and amount of glassy phases present in it [24]; [25]. 

 

Figure3. XRD patterns of clay brick-P2 

 

Figure4. XRD patterns of clay brick-P3 

3.1.2. FTIR Spectra Analysis of Clay Bricks 

FTIR spectra of the powder form of the collected three clay bricks of Patan city house were taken to 

identify their functional groups and their FTIR spectra are shown in Figs 5–7. A broad absorption 

peak in the range of 3441–3447 cm
–1

 is observed more clearly in the FTIR spectra of all the analyzed 
three fired clay brick samples used in this study, mostly due to H–O–H vibrations of adsorbed water. 

It is meaningful to mention here that it was reported a broad absorption peak of water at 3435 cm
–1

 

due to the overlapping asymmetric ʋ3 and symmetric ʋ1(H–O–H) stretching vibrations of hydrogen-
bonded water molecule [26]. On the other hand, the FTIR absorption peaks between 3750 and 3500 

cm
–1

 are diminished and only a broad peak in the range of 3441-3447 cm
–1

 is observed for fired clay 

brick samples of Brick-P1 and Brick-P3 except the Brick-P2 sample as shown in Figs 5–7. A very 

weak peak at around 3615 cm
–1

 is observed for the Brick-P2 sample in addition to the very broad 
absorption peak at 3443 cm

–1
 as shown in Fig. 5. It was reported that a broad peak near 3420-3480 
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cm
-1

 represents to the OH stretching vibration along with a weak and medium absorption band at 
1620-1650 cm

-1
 is typical absorbance band of adsorbed water molecule [27].   Hence, the broad band 

at 3441-3447 cm
-1 

for the aforementioned three clay brick samples is attributed to OH stretching 

vibration of hydroxide in different brick samples. It is meaningful for mentioning here that A1-A1 
band between 3617 and 3624 cm

–1
 is common for the spectra of all Al-containing pyrophyllite clay 

samples. It was reported that inner hydroxyl groups, lying between the tetrahedral and octahedral 

sheets of any clay minerals gave an absorption peak near 3620 cm
–1

 [28]; [29]. 

 

Figure5. FTIR spectra of clay brick-P1 

In general, broadening of the FTIR spectra is also influenced the firing temperature range of the 

ceramic bodies like clay bricks, tiles and so on. Higher the firing temperature applied during the 

production of the clay bodies, more broadening of the FTIR spectra of the bodies at the region of the 

OH stretching vibration of hydroxide. It is clearly observed that the degree of broadening of the FTIR 
spectrum at the absorption band at 3441-3447 cm

-1
 is almost same for all three clay brick samples 

used to analyze in this study as shown in Figs 5–7. This absorption band region is always 

accompanied by an absorption band at 1630-1636 cm
-1

 assigned to H-O-H bending of adsorbed water 
molecules. In addition, there is a strong FTIR absorption peak at 1383 cm

-1
 for two brick samples of 

Brick-P1 and Brick-P3 as shown in Figs 5 and 7, respectively. However, the absorption peak at 1383 

cm
-1

 region is not observed for the Brick-P2 sample, although the Brick-P2 have the absorption peak 
at 1871 cm

-1
 as shown in Fig. 6. 

 
Figure6. FTIR spectra of clay brick-P2 
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The FTIR absorption bands of clay minerals show Si–O stretching and bending as well as OH 
bending absorptions in 1300–400 cm

–1 
range. Different arrangement within the layers (1:1 versus 2:1 

and/or di- versus tri-octahedral character) is reflected in the shape and positions of these absorption 

bands. The FTIR spectrum of all three clay brick samples analyzed in this study shows intensive band 
at 1028–1046 cm

–1
 attributed to the Si–O stretching vibrations of the tetrahedral sheet of the clay raw 

minerals of the fired clay brick sample as shown in Figs 5-7. A weak absorption peak around 1080 

cm
-1

 is present in the FTIR spectra of all the measured fired clay brick samples used in this study, 

which represents the presence of silica (Si-O stretching) in the brick samples. None of the clay brick 
samples analyzed in the present study showed the FTIR absorption bands at 940 cm

–1
 and 918 cm

–1
 

implying that all the brick samples used in the present study should be fired at high temperature, more 

than 600°C. It is meaningful for mentioning that the O-H deformation vibrational modes were 
separated into two bands at 940 and 918 cm

-1
 which arise from intersheet and intrasheet hydroxyls 

which begin to disappear with increasing firing temperature [30]; [31] and hence it was reported that 

the FTIR absorption band at 921 cm
–1

 for the pillared-montmorillonite and beidellite was disappeared 
with increasing the firing temperature at above 600°C [26]. 

 

Figure7. FTIR spectra of clay brick-P3 

The FTIR absorption bands at 548 and 469-480 cm
–1

 are assigned to Si–O–Al (octahedral Al) and Si–

O–Si bending vibrations, respectively. The broadening of the absorption band at 548 cm
–1

 (Si-O 
bending peak) was seen due to the disorder of the octahedral sheet and the broadening of the Si-O 

stretching bands in the 1100-1000 cm
–1

 region was reported due to the disorder of the tetrahedral sheet 

[32]. The FTIR spectra of all these fired clay brick samples show that they are mainly composed of 
quartz (779-781, 692 and 469–480 cm

–1
). It is meaningful for mentioning here that previous research 

work reported a FTIR absorption peak chosen at around 779 cm
–1 

to be more suitable for qualitative 

amount of quartz in clay bodies [33]. On the other hand, the presence of feldspar can be explained by 
Si–O–Al compounded vibrations at 775–780 cm

–1
. These assignments are in good agreement with that 

previously reported for quartz and feldspar [34]. The absorption band at 779–781 cm
–1

, which is a 

complementary peak of 800 cm
–1 

band, is attributed to the presence of quartz [35]. In the present 

work, quartz is identified as predominant and makes the clay self-tempered during firing at high 
temperature of clay raw materials to produce the clay brick samples. 

4. CONCLUSIONS 

Mineralogy phases present in the clay bricks are mainly composed of biotite, cristobalite, feldspars, 
muscovite, quartz, mullite and so on based on the XRD patterns and FTIR peaks analysis. The results 

of the mineralogical phases of the brick bodies reflect that their firing temperature should be almost 

same over the kiln. It can be assumed that the disappearance of diffraction peaks for feldspars and 
appearance of mullite peaks in all three clay brick samples used in this study indicated that the firing 

temperature of these bricks should be more than 1100°C. 
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