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Abstract The present study evaluates the
granulometric and chemical properties of the geogenic raw
materials used in handmade vernacular Athangudi tile
making, which is a hundred-year-old craft still practiced in
the Athangudi village in southern India. These
comprehensive analyses allowed to generate the baseline
data for further studies. The analyses of soil, groundwater,
and tile samples were performed using a Sieve shaker,
X-ray diffraction (XRD), X-ray fluorescence (XRF),
Atomic Absorption Spectrometer (AAS), and scanning
electron microscope (SEM). Riverine sand particles
dominate the grain size, followed by silt and clay. Quartz is
a major mineral associated with 45 other minerals found in
the soil samples. The chemical composition of the soil is
mainly made of silicate, which is about 80% of the total
confirmed through the XRF study, and ions found as
dominant trace metal revealed by the AAS analysis.
Evaluation of groundwater physio-chemical properties
shows that water quality meets industrial standards and is
less corrosive. SEM analysis of the sample tile shows a
smooth internal structure with well-packed grains and less
distinct pore spaces that define the well-sorted nature of
coarse grains within the fine particles by cement mixture.
The geochemical approaches give an understanding of the
raw material’s source, origin, and quality. This generated
the baseline data that supports further studies to improve
the durability of the tile.

Keywords Vernacular, Handmade Tile, Lateritic Soil,
XRD-XRF, SEM Analysis

1. Introduction

Athangudi tiles are handmade vernacular tiles, more
than a hundred-year-old art form, which is still practiced in
a small village called Athangudi in southern India [1]. The
name for this tile came after the village name of Athangudi,
where it originated [2]. This handmade tile has traditional
patterns and designs. Most people in Athangudi village
learned the art of tile making and made the village name
trade mark for this tile [3]. Locally, the Athangudi tiles are
called "Pookallu”, which means the flower tiles were
introduced in the late 19th century as floor tiles in the
Chettinadu region [4]. The Chettinadu region is well
known for its palatial houses and the Athangudi tiles were
an addition to the evolution of Chettinadu architecture [5].
These tiles come in a myriad of colors and patterns and are
made by a unique process using local soil. According to the
craftsmen, the sand's ideal composition is what gives these
tiles their charm. The traditional process of tile
manufacturing involves the encaustic technique. But
Athangudi tile manufacturing involves water cooling and
sun baking processes. A study by Srinidhi et al. [6] shows
that Athangudi tiles are cement tiles similar to mosaics.
However, unlike machine-pressed and manufactured
mosaics, they are handcrafted over glass surfaces. It
requires no maintenance and does not require polishing.
These tiles are low-energy construction materials that can
be utilized to produce green energy structures.

Another study by Naireen et al. [1] found that even
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though factories have the capacity to produce 1,500 square
feet of tiles per day, the production of Athangudi tiles is
steadily declining due to a variety of factors, including the
20-step manufacturing process and the elderly artisans'
failure to pass on their craft to younger generations. It also
suggests that the production value rises if the tiles are used
for more design innovations than just flooring and cladding,
giving the residents of Athangudi village more
opportunities. Recent flooring with Athangudi tiles
presents many durability issues on the surface, as stated by
Poornima and Ravindra [3]. They made an attempt to
evaluate the mechanical properties of the Athangudi tiles to
understand the reason for the damages and they also
suggested applying pressure compaction to the tiles during
the moulding process which will be an initial step towards
durability improvement. Anand et al. [2] recommended
adding the Zirconium di oxide to cement paste at the time
of manufacturing to rectify this problem. He had also
included the Athangudi tiles for water penetration test,
abrasion test, water absorption test and acid resistance test
and concluded that Zirconium di oxide added Athangudi
tiles perform better than ordinary Athangudi tiles.

These previous studies give the Athangudi tiles a new
solution to overcome the surface cracking problem.
However, these studies focused on improving durability
and did not produce baseline data for raw materials used in
manufacturing. Extracting the raw material is the first step
in making the tile materials. The majority of raw materials
are of a mineral character, and they are extracted through
mining the deposits [7]. Raw material characterization is
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very important to understand the properties of the end
product, and it also supports further studies to improve the
quality of the product. The present study was conducted to
generate baseline data on the soil and water used in the
Athangudi tile manufacturing process since the local soil is
being used as a major component for the tile. This study
also evaluates the internal structure of the Athangudi tiles
through SEM (Scanning Electron Microscopic) analysis of
a sample tile.

2. Materials and Methods

The grain size, chemical and mineralogical
compositions, and internal structures all have a direct
bearing on the quality of the raw materials that comprise
the tile's composition. For this reason, the management of
raw materials during tile manufacture is a vital factor that
directly influences quality control. To study the raw
materials’ natural properties, soil samples were collected
from five mining sites where local soil is mined for tile
manufacturing. The mining sites and the soil sample
locations are shown in Figure 1. Local groundwater was
used during the mixing process of tile raw materials, so a
groundwater sample was collected from a bore well
situated in a manufacturing company to know its hydro
geochemistry.

A sample tile was collected from a manufacturer to
study the internal structure through SEM analysis.
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Figure 1.

The location map of mining sites where soil samples collected
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2.1. Sample Collection

In each mining site, a 1ft square trench was dug to a
depth of 1ft using the mason’s scoop. The scoop was
thoroughly rinsed with distilled water at each site to avoid
contamination. Thick polyethylene zip lock covers were
used to collect the soil samples to a weight of 1kg
approximately. Groundwater sample was collected in a
polyethylene water bottle from a bore well in one of the
tile manufacturing companies. The water bottle was
thoroughly rinsed with distilled water and also rinsed with
sampling water. The bore well was pumped for 10
minutes before collecting the water sample to avoid
surface contamination. A recently produced flooring tile
sample with a size of 8 x 8 inches was collected from the
manufacturing company. The GPS co-ordinates of the soil
sample location and bore well location were noted using a
portable GPS device (GARMIN model-etrex10 GPS).
In’situ measurements such as pH, EC, and TDS were
measured in the groundwater sample using a potable
multi-parameter analyzer (PCS Tester 35). All the
samples are carefully kept in closed containers and shifted
to a laboratory for further processing.

2.2. Sample Processing

A 100 g of soil samples were air dried and homogenized
by cone and quartering. The homogenized sample is
precisely weighed at 1 g, placed in a platinum crucible, and
heated to 900<C for one hour in a muffle furnace. The
percentage of weight lost upon ignition is used to measure
weight loss (loss on ignition - LOI), and an XRF
spectrometer was used to determine the major oxides. For
trace metals, soil samples were dehydrated in a 40 C
hot-air oven and pulverized with an agate mortar [8]. The
Loring and Rantala (1992) method was used to digest the
soil samples. For example, in a Teflon bomb, 1 g of
powdered soil sample (N63 m) was combined with 1 ml of
aquaregia (HNO3: HCI; 1:3 v/v) and 6 ml of HF. The bomb
was added to the acid mixture and then submerged for 2.5
hours in a hot water bath (95 <C). Boric acid crystals were
added to the mixture in order to help dissolve the fluorides
that had precipitated from the complex, unreacted HF.
Finally, 100 ml of the digested samples were prepared. The
final solution was centrifuged at 200 rpm to remove the
residues, and the extracted solution was then examined for
the presence of trace elements using AAS. After
transporting the groundwater sample to the laboratory, 0.22
m membrane filtration was performed. Major ions in a
water sample are measured through the standard American
Public Health Association procedures [9].

2.3. Sample Analysis

The Ro-Tap WS Tyler model RX-812 was used to
analyze grain size utilizing ASTM sieves 12, 20, 35, 40,
70, 120, 140, and 230. Each soil sample weighed 40 g,
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and the sieving process took 20 minutes in a mechanical
sieve shaker (Folk, 1960). Thermo Scientific model ARL
ADVANT’ XP X-ray fluorescence (XRF) and Perkin
Elmer model AAS200 Atomic Absorption Spectrometer
(AAS) were used to analyze the chemical composition of
soil samples, such as the presence of major oxides and
trace metals. Fe, Mn, Cu, Cr, Ni, and Co had detection
limits of 0.001 ppm, whereas Pb had a detection limit of
0.005 ppm. The instrument was calibrated using
appropriate chemical standards for trace elements (Merk),
and the other reagents used in this work were of high
purity analytical grade. The National Research Council of
Canada's approved reference material (MESS-3) was used
to guarantee that the groundwater sample was analyzed
for the chemical parameters, such as calcium (Ca®),
magnesium (Mg?*) using a standardized EDTA solution,
sodium (Na*), potassium (K*) using a SYSTONIC model
S-935 flame spectrometer, chloride (CI) using the
standardization of the AgNOs; solution against NaCl with
known concentration, Alkalinity and hardness using
hydrochloric acid (HCL) titration, sulphate (SO.) using
spectrophotometric turbidimetry (model Labtronics LT
-290), and fluoride (F) using selective ion electrode. It
was determined that the ionic equilibrium error was below
5%.

3. Results and Discussion

3.1. Granulometry

The soil samples were put through the standard sieving
procedure and the data collected was used for various
statistical analyses. Cumulative curve diagrams were
prepared using the size fraction and weight percentage to
study the grain size distribution (Figure 2). Based on
standard sieve size, the sand, silt and clay fractions were
calculated. The sand percentage in soil samples varies
between 95.21% and 99.80%. The silt fraction ranges from
0.03% to 1.66% and the clay ranges from 0.06% to 3.13%.
The Granulometry data shows that sand predominates in
the soil and is followed by Clay and silt in all samples
except sample no 2. In sample 2, the grain size fraction was
found as sand > silt > clay. Table 1 defines the individual
weight percentage of the various phi sizes of the soil
samples. The weight percentages of the samples were
given as input in the Gradistat software which is commonly
used to statistically analyze grain size distribution by
producing the different types of plots. It is inferred from
these results that the soils of the sampled mining areas were
chiefly derived from small river channels. The uni-model
curve of Figure 3 confirms the riverine origin of the
Athangudi soil. Further, the Visher’s plots show the
mechanisms controlling the grain size distribution in
Figure 4. Generally, the grain size was derived based on the
transportation energy of the river. In high energy
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conditions, traction plays a major mechanism in grain size.
Saltation is a result of moderate energy conditions and
suspension is due to the low energy condition of the river.
The soil grain size distribution in the Athangudi region
shows that more than 80% of each sample’s grain size is
found below the pie value of 4 representing the coarse
grain nature due to the traction mechanism. The grain size
results of the present study were compared with the grain
size results of Ganges floodplain soil samples. It found the
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particle size of the present study is relatively coarser than
the particle size of the Ganges floodplain soil. These
findings show that the soil particle size is mostly controlled
by the river transportation distance. It defines that the
longer the distance of the river finer the soil particles’ size
and the shorter the river distance, the coarser the soil
particles. The river channel present in the Athangudi
village travels to the shortest distance and brings coarser
soil as deposits downstream.

Table 1. Shows the granulometric analysis result
Sample - 1 Sample - 2 Sample - 3 Sample - 4 Sample -5
S. No Size (phi)
Individual weight %
1 1 57.69 80.13 41.76 82.15 51.92
2 15 10.71 8.88 11.06 7.75 13.88
3 2 8.86 5.59 11.53 481 11.63
4 25 8.64 1.76 16.53 3.23 10.23
5 3 7.58 3.05 16.26 1.7 8.52
6 3.5 1.73 0.31 1.79 0.16 1.48
7 4 1.66 0.22 0.34 0.03 0.29
8 3.13 0.06 0.73 0.17 2.05
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Figure 2. Histograms for grain size distribution of soil samples
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Figure 4. Visher’s diagram shows the mechanism controlling the grain size distribution

3.2. Soil Mineralogy

The mineralogical compound of collected soil samples
was identified through the X-Ray diffraction analysis. A
whole 46 mineral species were identified from the XRD
findings. Table 2 expresses the presence of the minerals in
the collected soil samples. The soil mineral arrangements
are grouped as silicates, carbonates, oxides, sulphides,
fluorides, nitrates and hydromica (clay) as given in Table
2. Figure 5 shows the graphical identification of minerals
which are present in the samples. About 16 types of
silicate minerals were identified in soil samples in which
Quartz is found in all the soil samples. Dolomite is the
dominant carbonate mineral present in three (in samples 2,
3 & 4) samples and 5 other carbonates have also been
identified (Table 2). Two predominant oxides of
Pyrochlore and Hematite out of 11 other oxides have also

been found in the soil samples. Totally seven sulphide
minerals were identified in which Anhydrite is found in
three samples as dominant mineral. Cryolite is the only
fluoride group mineral found in soil sample 1 and two
nitrate minerals were identified in sample 3 (Nitrate) &
sample 4 (Chloanthite) respectively. Hydromica or clay
group of minerals such as illite and Stilpnomelane
identified in samples 2, 3 & 4. The mineral composition
of the lateritic clay in Guangxi, China was analyzed by
Er-Jing et al. [10]. Quartz is the dominant mineral
followed by kaolinite and goethite in most of the samples.
Similar results were obtained by Nazmin et al. [11] while
analyzing the clay samples collected from the Ganges
Floodplains of Bangladesh. All these findings show the
silicate group of minerals dominates the mineralogy of
river derived soils.
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Table 2. Shows the occurrence of the minerals from XRD results of the soil samples
Sl.No. Mineral Group Minerals Identified Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
1 Quartz
2 Bytownite - - - -
3 Chalcophyllite - - - -
4 Zircon - - }
5 Aegirine - - - -
6 Kyanite - -
7 Wollastonite - - - -
8 . Nepheline - - - R
9 Silicates Staurolite - - -
10 Pyrophillite - - - -
11 Shattuckite - - - a
12 Orthoclase - - }
13 Ca-Ursilite - - - -
14 Ferrihalloysite - - - -
15 Olivine - - B _
16 Cristobalite - - - -
17 Calcite - - -
18 Dolomite - -
19 Carbonates Magnesite - - -
20 Witherite - - - B
21 Ripidolite - - - -
22 Magnetite - - - -
23 Pyrochlore - -
24 Hemimorphite - - - -
25 Desclozite - - - -
26 Gogethite - - - -
27 Lepidolite - - - ;
28 Oxides Anatase - - - -
29 Pitchblende - - -
30 Kaolinite - - - -
31 Haematite - -
32 Cassiterite - - - -
33 Carnotite - - . _
34 Periclase - - - -
35 Pyrrhotine - - - .
36 Vaesitepyrite - - - -
37 Anhydrite - -
38 Sulphides Pyrite - - - -
39 Lollingite - - - ;
40 Stibnite - - j _
41 Molybdenite - - - -
42 Fluorides Cryolite - - - -
43 . Nitrate - - - R
44 Nitrates Chloanthite - - - -
45 . Ilite - - -
46 Hydromica (Clay) Stilpnomelane - - - R
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Figure 5. XRD results for the identification of mineralogical composition in soil samples

3.3. Chemistry of Oxides and Trace Metals

Major oxide concentrations in all the samples were
analyzed through the X-Ray fluorescence spectroscopy.
The analytical results are provided in Table 3. The XRF
results confine the results of mineralogical characters in
all the soil samples and indicate more than 80% of the soil
composition is composed of SiO, (silicate) oxide. The
order of dominance of the major oxides is followed as
SiOz>AI203>Fe203>CaO>K20>MgO>Ti02>Na20 with
respect to their mean concentration. Some of the minor
oxides such as BaO, CeO,, Cl, MnO, P,0s, SOz and ZrO;
have also been identified as relatively low concentrations
in a few samples. Zanatta et al. [12] examined
eco-friendly ceramic materials using XRF analysis. In this
study, it was found that SiO, (63.41%) was the
predominant oxide followed by Al,Os;, Fe,Os, CaO and
other minor oxides. The result shows similar results when
compared to the present study findings. Another study
was conducted by Olaseinde et al. [13] in Pretoria clay
soil which is being used for tile manufacturing. It was
found that SiO; is the dominant oxide followed by Fe;Os,
Al;Os3, CaO and other oxides with minor fractions. Both
previous study findings show the dominance of SiO; in
the raw materials which is similar to the present study
results.

The results of AAS analysis in soil samples show Fe is
the dominant trace metal followed by Pb, Zn, Co, Cu, Ni,

Mn, Cr and Cd with respect to the average concentration.
The values of concentration range for Fe are from 0.163 to
0.977 ppm, for Pb is from 0.035 to 0.378 ppm, for Zn is
from 0.125 to 0.278ppm, for Co is from 0.096 to 0.309
ppm, for Cu is from 0.096 to 0.106 ppm, for Ni is from
0.059 to 0.143 ppm, for Mn is from 0.023 to 0.044 ppm,
for Cr is from 0.011 to 0.023 ppm and for Cd is from
0.015 to 0.020 ppm (Table 4). Water is used in the
mixture of soil and cement which activates the binding
nature of the cement with soil particles during tile making
process. Hence knowing its physical and chemical
properties is very important. The hydro geochemistry of
the collected groundwater sample was provided in Table 5.
The physical and chemical analytical results show that the
groundwater of the Athangudi region is more suitable for
industrial applications. The pH of the groundwater sample
is measured as 7.85 which indicates little alkaline nature.
The TDS value of 562mg/l shows freshness and recently
recharged groundwater by the rainwater. All the major
ions’ concentrations meet the industrial water quality
limits, which means that the groundwater used for the tile
manufacturing is much less corrosive and has less scale
forming. The groundwater of the entire Sivagangai district
was studied extensively by Muruganantham et al. [14] and
determined through hydrogeochemical analysis that the
groundwater quality is suitable for drinking, domestic use,
agriculture, and industrial purposes.
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Table 3. X-Ray Fluorescence analytical results for soil samples
Sl. No. Compound Sample 1 Sample 2 Sample 3 Sample 4 Sample 5

1 Al,O3 16.4% 11.8% 14.4% 5.29% 9.88%

2 BaO 0.11% 0.05% 0.08% 0.07% 0.06%

3 Cao 13.2% 0.21% 0.41% 0.13% 0.24%

4 CeO, - - - 0.04% -

5 Cl - - - - 0.03%

6 Fe,03 7.58% 4.19% 4.32% 4.53% 2.76%

7 K;0 3.03% 2.06% 2.61% 1.4% 2.26%

8 MgO 2.33% 0.47% 0.59% 0.15% 0.43%

9 MnO 0.05% 0.02% 0.03% 0.13% -

10 Na,O 0.38% 0.13% 0.24% 0.19% 0.23%

11 P,0s - - - 0.03% 0.02%

12 Sio, 56.3% 80.4% 76.8% 87.6% 83.5%

13 SO, - - - 0.45% 0.02%

14 TiO, 0.74% 0.60% 0.50% 0.45% 0.52%

15 Zr0, - 0.03% 0.03% 0.04% 0.04%

Table 4. Trace metal results of the soil samples by AAS analysis

SampleNo Cu (PPM) Cd(PPM) Co(PPM) Cr(PPM) Fe(PPM) Mn (PPM) Ni(PPM) Zn(PPM) Pb (PPM)

1 0.102 0.020 0.137 0.019 0.624 0.034 0.093 0.245 0.364

2 0.106 0.015 0.117 0.017 0.633 0.032 0.082 0.278 0.312

3 0.102 0.020 0.309 0.023 0.977 0.044 0.143 0.125 0.035

4 0.098 0.017 0.118 0.019 0.639 0.027 0.127 0.211 0.329

5 0.096 0.015 0.096 0.011 0.163 0.023 0.059 0.144 0.378

Table 5. Hydro geochemistry of groundwater used in the production

Physical parameters Results
E.C. micS/cm 804
TDS mg/L 562
pH 7.85
Chemical parameters Results
Bicarbonate Alkalinity mg/L 262
Total AlKalinity mg/L 262
Carbonate Hardness mg/L 128
Total Hardness mg/L 216
Calcium mg/L 51.0
Magnesium mg/L 21.0
Sodium mg/L 74
Potassium mg/L 13
Nitrate mg/L 9
Chloride mg/L 56
Fluoride mg/L 1.4
Sulphate mg/L 43
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3.4. SEM Analysis on a Sample Tile

The results obtained from the Scanning Electron
Microscopy (SEM) indicate the microstructures present in
the Athangudi tile. Figure 6 shows the SEM results from
the sample tile, which indicates the level of pores present
in it, and it shows a low level of pores as the coarse soil
grains were bound with the fine particles of the cement
mixture. It indicates that the cement serves as a good
binding agent for the laterite soil. The entire cross
sectional SEM analyses on the sample tile shows the
smooth and compact nature of the tile. This was a result of
the cement being a good binder, it tends to occupy
interstitial positions in the laterite structure, thereby
reducing the atomic separation distance and having a
more closed-packed structure. Finer grains tend to bind
together with larger grains, and the soil and cement
mixture was sorted by manually shaking the mould during
the casting process. Fine grain in the cement occupies the

Characterization of Geogenic Raw Materials Used in Handmade Athangudi Tile Making in Tamilnadu, India

available pore spaces between the coarse grains in the soil
due to the sorting during casting, which reduces the level
of pores present and gives a smooth surface to the tiles.
The internal structure of the wall tiles, floor tiles, and
porcelain stoneware tiles were studied through the SEM
analysis by Zanatta et al. [12]. The finding shows that, in
the wall tile, the development of a liquid phase seems to
have taken place with less vigor. Due to this phenomenon,
the specimens' modulus of rupture and breaking strength
were not compromised while maintaining the open
porosity necessary to meet the standards for water
absorption. The creation of a liquid phase was more
vigorous for the environmentally friendly porcelain
stoneware tile than it was for the other goods, which led to
an improvement in the material's technical properties. As
a result of the floor tile's intermediary behavior, only a
few larger pores and more refractory particles were
preserved.
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Figure 6. SEM microphotographs of sample tile’s different cross-sectional view

4. Conclusions

The multi-analytical approach of Granulometry,
Mineralogy, Chemical and structural techniques (Sieve
shaker, XRD, XRF, AAS, and SEM) were successfully
employed in the samples of geogenic raw materials
(Lateritic soil and groundwater) collected in the
Athangudi village where the handmade vernacular tiles
are manufactured. The soil of the Athangudi village was
derived from the river, hence the grain size of the soil
particles was dominated by the sand. Sand is mostly made
by mineral quartz, which was confirmed by the XRD
findings. The chemical composition of the quartz is SiO;
(silicate) proved by the XRF results as it was identified as
a major oxide. Iron is the dominant trace metal among the
other 8 trace metals found in the soil samples. Further
analytical results show 45 other minerals have also been
identified and nearly 15 types of oxides were present in
the soil sample. The groundwater of the Athangudi region
is less corrosive and less scale forming hence it is most
suitable for the industrial application which is proven by
the hydrogeochemical analysis. The internal structure of
the tile shows smooth and well packed nature because of
the sorting of fine grains placed in pore spaces between
the coarse grains. It is probably the mixing and sorting of
the coarse-grained soil with fine grained cement particles.
All the results were compared with the previous studies
and found very similar results. It shows that soils formed
by reverie inputs are mostly composed of the same type of
mineralogical and chemical compositions. However, the

change in the fractional chemical compositions plays a
vital role in the manufacturing of handmade tiles. This
baseline data can be used for further analysis to improve
the quality and durability of the Athangudi tile. Moreover,
the present study findings will support passing the
technique in similar regions where similar types of soil
properties are found present.
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