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Abstract
This study focuses on mineralogical and chemical characterization of clay of
Sitakunda anticline, Bangladesh and potential suitability of this shale as raw
materials in ceramic industries. The shale which is clay in texture is composed
of chlorite and kaolinite with common illite, smectite, quartz, mica and
feldspar. There are two types of samples in color, grey and red. Chemical
compositions of clay samples are analyzed by XRF and mineralogical composition of sample analyzed by XRD. Clay samples contain significant amount
SiO2, Al2O3 and Fe2O3 with other minor compounds. The plasticity index
(12.08 and 16.37) indicates medium ranges of the plasticity of clay. To determine the suitability of ceramic materials, samples were made in a rectangular
shape for firing 850˚C to 1100˚C temperature. The samples were tested for
different physical properties such as compressive strength, linear shrinkage,
water absorption, porosity and bulk density. Low linear firing shrinkage (0.7%
to 2.69%) and water absorption (1.5% to 11%) of the developed ceramic bodies were observed. Scanning Electron Microscope photographs confirm the
vitrification of the ceramic bodies. The chemical, physical and ceramic properties of these clays indicate their suitability as raw materials for the production of a wide range of ceramic materials.
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1. Introduction
Clays are the main raw materials in manufacturing various ceramic products for
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building construction. Physical, chemical and mineralogical characteristics of
clay made it unique properties related to their own natural genesis. The ceramics
industry relies on clays from nearby deposits; therefore, characterization and
quality control of clay are important for local products [1] [2] [3] [4] [5].
Common clay minerals for traditional application are kaolinite, illite and
montmorillonite. Secondary components in clays are quartz, feldspar, pyrites,
iron, carbonates and other soluble salts which influence largely on clays use in
specific applications [6]. The percentage of the minerals oxides (Fe2O3, MgO,
CaO, Na2O etc.) in the clay ultimately determines the areas of applications of the
clay such as in bricks, floor, tiles, paper etc. and quantity of alkali metal oxides
(Na2O, K2O, CaO etc.) indicates their suitability for making ceramic products [7].
The ceramics industry is a growing manufacturing sector in Bangladesh. Ceramic tiles used as construction material and its demand are increasing day by
day for architectural and construction of modern buildings. About 95% of raw
materials for making quality and exportable ceramic products in Bangladesh are
imported from abroad and rest raw materials collected from mainly middle part
of the country [8].
Shale, collected from the hilly area, which is mainly clay in texture, may be a
new source of clay materials for ceramic or other industries in Bangladesh. The
main objective of this study is the best understanding of clays of Hill Tracts of
Bangladesh, composition, mineralogy, texture that can be utilized in several ceramic industries.

2. Geological Setting
The study area is located in Barabkunda, Sitakunda hill region located in the
northwestern part of Chittagong district Bangladesh (22˚38'15"N - 91˚39'33"E)
(Figure 1). Geologically the Sitakunda Hill range is an anticline, most prominent
structure of the Bengal Basin. The Bengal Basin of Bangladesh includes one of
the largest delta complexes in the world, is filled mainly by orogenic sediments
derived from the eastern Himalayas to the north and the Indo-Burman ranges to
the east [9] [10]. The Sitakunda anticline is in the western sub zone of the folded
flank, the western most continuation of the Arkan-Yoma folded belt and developed from the deformation by the relative movement of the Indian plate and
Burmese sub plate, since this anticline is trending in NNW-SSE direction. [11]
[12] [13]. The bulk of the deltaic deposits are Miocene and younger. The sediments of the Miocene-age Surma Group, with a thickness of 4 - 5 km comprise a
succession of alternating shales, siltstones, sandy shales and sandstones, with
occasional conglomerates [14]. The thickness of repetitive Miocene-Pleiocene
shale—sand sequence constitutes the surma group and is divided into Bhuban
and Bokabil formations [9] [15]. The Bhuban Formation is composed of fine
grained, well indurated, massive to thickly bedded sandstones, shales, claystones
and siltstone and Bokabil Formation is composed of fine to medium grained
moderately indurated sandstones with shale, silty shales and siltstones. The
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(a)

(b)

Figure 1. (a) Map of Bangladesh geological group formation (right) and map of study area (left); (b) Photograph of field area and
location of collected two color clay samples (Grey-left, Red-right).

shales of mud dominated facies association are both calcareous and non-calcareous
and composed of chlorite and kaolinite with common illite, smectite, quartz,
mica and feldspar [16] [17].

3. Materials and Method
The two types of clay samples (Grey and red in color) were collected from Barabkunda, Sitakunda hill tracts area, Chittagong District (Figure 1(b)). Eight
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representatives clay samples (four in each color) were collected from the valley
and hilly area of the study area. Samples were ground in powder form, dried in
air dry and sieving at 250 µm with sieve analyzer. Plasticity of clay sample was
determined by Atterberg’s method.
The oxide of elements was determined by X-ray fluorescence (XRF) Spectrometer method following the standard procedure using Rigaku ZSX Primus XRF
machine equipped with an end window 4 kW Rh-anode X-ray tube. XRF analysis of the sample reveals that chemical composition of the samples is almost
same, therefore mixed grey sample (G) and red (R) sample was chosen for other
analysis and characterization of ceramic sample. The mineralogical analyses of
samples were carried out by X-ray diffraction (XRD). The clay samples in
oriented mounts run by BRUKAR X-ray diffractometer operating at 40 kV and
40 mA using Cu-Kα1 radiation (λ = 1, 5406 Å). Diffraction patterns were recorded between 5 and 70˚ 2θ at a step size of 0.02˚ and a dwell time of 0.6 s per
step.
Then samples thoroughly mixed with water (5% to 7%) until approximately
the optimum moisture content as determined during compaction. The test specimens were rectangular (50 mm × 50 mm × 15 mm) in size for brick, tiles or
other ceramic purposes.
The specimens were air-dried at room temperature for 24hr and then oven
dried at 110˚C for another 24 hr to remove water content. All samples were fired
for analysis of various physical properties (bulk density, water absorption, porosity, specific gravity, linear shrinkage, strength etc) by heat treatment from
850˚C to 1100˚C (Figure 2), in an electric furnace for 1 hr under a heating rate
of 10˚C/min. Bulk density, water absorption, porosity and specific gravity were
determined by boiling water method followed by ASTM C20-00 [18]. Compressive
strength was determined by using Control ADVENTEST 9 (Model 50C-6600)
machine. Microstructures of the ceramic samples were observed by Scanning

Figure 2. Ceramic samples fired at different temperatures (Sample-G at up and Sample-R
at down).
DOI: 10.4236/jmmce.2018.63023
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Electron microscopy (JEOL JSM 7600F).

4. Results and Discussion
4.1. Mineralogical Characterization of Clay Samples
The chemical composition of clay samples is shown in Table 1. The result shows
that clay samples comprise with SiO2 and Al2O3 as major oxide. Grey clay consists of 16.92% Al2O3, 60.68% SiO2, 8.32% Fe2O3 with other minor compounds
and red clay consists of 24.02% Al2O3, 58.89% SiO2, and 11.27% Fe2O3 with other
minor compounds. The significant presence of alkaline and alkali earth oxides
(Na2O, K2O, CaO etc.) in samples will help in producing ceramic materials at
lower sintering process [19].
A high percentage of Fe2O3 may be attributed mainly for the coloring of ceramic products, other constituents such as CaO, MgO, Na2O and TiO2 can appreciably modify the color of the fired clay as shown in Figure 2. The presence
of large amounts of fluxes as well as Fe2O3 in Sitakunda shale (clay) increases the
chance to form a considerable amount of liquid phase at a relatively lower firing
temperature that might be helpful for ceramic industries.
The chemical composition of the samples is almost same, therefore mixed
grey sample (G) and red (R) sample was chosen for other analysis and characterization of ceramic sample. The plasticity index (12.08 and 16.37) indicates medium ranges of plasticity of clay (Figure 3) samples in Holtz and Kovacs [20]
diagram. It can be observed the values of liquid limit at about 34.28% and
37.67%, which is in agreement with the range defined in the literature (30% 60%) to the composition used for ceramic production [7]. The particle size distribution analysis of the samples has been done by particle size analyzer (Figure
4) which indicates that the samples are silty clay type, suitable for ceramic production [21] [22] [23].
XRD patterns (Figure 5) reveal that the studied samples characterized with
the dominance of kaolinite, illite and chlorite clay minerals. Literature [17] [24]
[25] also reported about the presence of high quartz and illite-chlorite with small
amount kaolinite clay minerals in this area. The large amount of K2O content in
Table 1. Chemical compositions of the clay samples (wt%).
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Clay samples

SiO2

Al2O3

MgO

Na2O

K2O

CaO

Fe2O3

TiO2

G-1

60.68

16.92

2.44

1.17

3.76

4.67

8.32

0.93

G-2

59.68

18.59

2.64

1.07

3.85

4.03

8.11

1.02

G-3

60.12

17.57

2.41

1.13

3.80

4.55

8.29

1.01

G-4

60.61

16.98

2.43

1.16

3.75

4.67

8.31

0.97

R-1

58.89

24.02

0.79

0.18

2.83

0.13

11.27

1.03

R-2

55.95

24.40

0.82

0.19

2.81

0.11

13.49

1.14

R-3

58.01

23.93

0.81

0.19

2.83

0.14

11.94

1.19

R-4

57.42

24.67

0.77

0.19

2.85

0.13

12.36

1.06
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Figure 3. Position of clay samples on the Holtz and Kovacs diagram.

Figure 4. Particle size distribution of clay samples.

Figure 5. XRD pattern of the clay samples (Q = Quartz, I = Illite, K = Kaolinite, C = Chlorite).
DOI: 10.4236/jmmce.2018.63023
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clay samples reflects the abundance of illite [8] This clay shows the chemical
composition, rich in silica and alumina because of the presence clay minerals
and quartz, they have great influence on developing ceramic materials.

4.2. Characterization of Prepared Samples
for Use in Ceramic Industries
To determine the quality of the ceramic tile bodies, various physical characteristics e.g. water absorption, porosity, bulk density, shrinkage were considered. The
technical characteristics were measured in one representative clay mixture (G
and R).
Figure 6 shows the behavior of water absorption and firing shrinkage of the
prepared ceramic bodies. Figure shows that values of linear shrinkage were increased with increasing temperature. With the increase in firing temperature,
values for water absorption tend to decrease since a greater densification of the
sample occurred. The water absorption of ceramic samples for sample-R was
within the range of 1.5% to 6%, whereas, water absorption of samples for sample-G were within the range of 6% to 11%. According to ISO 13006 standards,
on the basis of water absorption, ceramic tiles divided these categories which
belong: <3% (Group I), 3% - 10% (Group II) and >10% (Group III). It can be
seen that the bodies of sample R belong to Group I and II whereas the products
of sample G belong to Group III. So, sample R (red clay) can be used for making
semi-vitrified to vitrified tiles (unglazed red stoneware) and sample G (grey clay)
can be used for semi vitrified to porous tiles [26].
Figure 7 shows the porosity and bulk density of the different samples. With
increasing temperature, the values of porosity decreased. Generally, no significance difference observed for the values of bulk density. The results of the physical properties of ceramic samples by different firing temperature indicates that
sample-R (red clay) is preferable than sample-G (grey clay) for making vitrified
ceramic tiles.

Figure 6. Variation of water absorption and shrinkage with temperature.
DOI: 10.4236/jmmce.2018.63023
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Figure 7. Variation of porosity and bulk density with temperature.

Figure 8. Variation of mechanical strength with temperature for sample-R (red clay).

Figure 8 shows the mechanical strength of the sample-R (red clay). The
strength of the ceramic bodies was within the range of 53.38 - 59.86 MPa which
is the range required by ISO 13006 for the manufacture of ceramic tiles [27]. It
shows that with increasing temperature, the strength decreased. It might be due
to the effect of crystallization with increasing firing temperature [28]. The mechanical behavior of the sample can be explained on consideration of different
microstructure during sintering and glass formation acts to densify the structure
by liquid phase sintering.
Figure 9 illustrates the images of the surface of the sintered samples, observed
by scanning electron microscope (SEM). Ceramic sample sintered at 1000˚C and
1100˚C are crystallized, however, sample sintered at 1100˚C shows well crystallized and large pore space in the sample. The effect of increasing temperatures is
the reduction of porosity and the pores join together to form larger pores [7].
Microstructre of the samples correlates with the discussed variation in technological properties as a function of temperature. The optimal vitrification range is
achieved when the porosity reaches a minimum value as well as linear shrinkage
is a maximum [7], which correlates the Figure 6 and Figure 7.
DOI: 10.4236/jmmce.2018.63023
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(a)

(b)

Figure 9. SEM photograph for sample-R sintered at 1000˚C (a) and 1100˚C (b).

The densification behaviour of the Sitakunda red clay is influenced by the
sources of flux materials such as K2O, Na2O and Fe2O3, which favour the formation of a vitreous phase in 1100˚C [29]. The increasing maturation achieved at
higher temperatures also promotes the incorporation of iron ions in the glassy
phase or in the newly formed crystalline phases [30] [31] that might be also affect mechanical strength of the samples.
DOI: 10.4236/jmmce.2018.63023
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5. Conclusion
The results obtained in this research show that Sitakunda shale can be used for
different ceramic applications. Mineralogical, chemical, particle size and plasticity analyses confirmed the potential suitability of raw materials for ceramic production. These clay deposits could be used to produce a wide range of ceramic
product by using advantages of low temperature. Low linear firing shrinkage and
water absorption of the developing ceramic bodies were observed which are
suitable for the development of ceramic tiles. The water absorption of ceramic
product of red sample was within the range from 1.5% to 6%, which might be
used for vitrified ceramic tiles, and water absorption of ceramic product grey
sample was within the range from 6% to 11%, which might be used for porous
tiles. Mechanical strength of red deposits of clay was also within the range of
standard. The red color product will be superior commercial value comparison
with other industrial materials. Therefore, Sitakunda clay deposits of Bangladesh
will be suitable source for use as raw materials in making ceramic tiles.
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