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ABSTRACT

A combination of analytical methods ranging from hydrometer, X-ray diffraction, X-ray
fluorescence, and organic matter content based on weight loss on ignition in a muffle
furnace were used to characterize the raw clay sample used for Mubi burnt bricks
production mainly to ascertain it suitability for that purpose and possibly its application in
other areas. XRD analysis showed the clay sample is predominantly illitic (15%), and also
present are other minor non-clay minerals muscovite (13.0%) and phlogophite (4.4%).Particle
size composition on the other hand showed that the clay is rich in sand (58%) followed by silt
(25%) and clay (17%). Chemical composition results showed that the clay contains K,0
(4.83%), CaO(1.09), Fe,0(13.19%), TiO,(2.25),n0 measurable amount of Na,0 and MgO.
Others measured less than 2.0% in concentration. Results also showed the clay sample has
high mineral matter and low organic matter (7.0%). From the analytical results as a whole,
the clay showscharacteristics suitable for brick production and other ceramic and industrial
applications when properly modified.
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INTRODUCTION

The commercial importance of clays depend on the contents of their clay and non-
clay minerals (1]. Their applications are rigidly dependent upon their structure,
composition and physical attributes [2]. The knowledge of these characteristics can help
for a better exploitation and eventually may open-up new areas of application. Earthen
materials, like any other building material, can be tested so that their behaviour and
performance can be characterized and better understood [3]. The local clays from Vimtim
and Mujara in Mubi Local Government area of Adamawa State, Nigeria remains the only
source raw material for Mubi burnt bricks production. The urge for technologically
appropriate construction, and low-cost housing, among others, led to the establishment of
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this industry. But technical information about the integrity of this source clay for building
bricks is seldom available. The aim of this paper is to evaluate the particle size
distribution, chemistry and mineralogy of this source clay as a measure of the significance
to performance.

MATERIALS AND METHODS
SAMPLING AND SAMPLE AREA.

Taking into account the objective of this study and the complexity of the sampling
site, a systematic grid sampling approach enumerated by IAEA, (2003) and Vazquez et al.,
(2005)[4],[5], was employed. The sampling depth was 0-15cm (Hue et al., 2000)[6]. The
system coordinates the area is longitude 13°16’ 00" and latitude 10°16’ 00”.

TREATMENT OF SAMPLES

The sample collected was hand ground using a pestle and mortar and dried in the
oven for 24 hours at 105°C. To achieve a well homogenized mixture, a coning and
quartering technique was employed [4].

GRAIN SIZE DISTRIBUTION ANALYSIS

Particles size analysis was carried out by hydrometer method following the scheme
of (Day, 1965). Percentage sand, silt and clay were then calculated applying the formulas
below:

% Clay = [R, h-B (D_ x 0.36)] x 2 1
% Clay =[R, - B (D, x0.36)] x 2 2
% Sand = 100 - (%silt + % clay) 3
Where;

R h =2 hours reading

10ee= 40 Seconds reading

DT = difference between recommended temperature (20°C) and the experimentally
measured temperature (27°C)

LOSS ON IGNITION (LOI)

The Organic matter content was determined by loss of weight on Ignition which was
calculated as follows:

L.OI% =W-w_ X 100 % 4
' W,

Where W = initial weight of sample.

W_ = final weight of sample on ignition
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XRD ANALYSIS

XRD analysis was carried out using a Shimadzu (6,000 models) with a Cu Ka radiation, at a
scan range of 0-70° and a scan speed of 3 caps/sec. The interpretation (matching) of results was
done using Shimadzu software, and the final printing of results. The collection of XRD data was
in the form of diffractographs and tables with values of the “d” spacing and the peak intensity
“17.

ELEMENTAL ANALYSIS

Major element oxides and some trace elements concentrations were determined by
X-ray fluorescence spectrometry using the Minipal (PW 4030 model) spectrometer.
Qualitative and quantitative analysis was carried out following the scheme of Lawal and
Adjia (2013). This was performed on pressed powder discs and involved no pretreatment
other than simple crushing and milling procedure.

RESULT/DISCUSSION
PARTICLE SIZE DISTRIBUTION, TEXTURAL CLASS AND ORGANIC MATTER CONTENT.

Table 1.0 shows the particle size distribution, textural class, and Organic matter
content of the sample studied. The sample contains low clay fraction (<2um); and the silt
fraction in rich in coarse (particles in the range of 10 and 53). The relative abundance of
quartz (sand), indicates that the clay results from the alteration of acidic rocks (high in
silica) (Mercader et al., 2000)[8]. This feature of high sand content may lower the plasticity
of the clay sample. A low sand concentration is a determining factor to obtain ceramics
with a high textural strength (Tiexeira et al., 2000)[9]. Of the various factors affecting the
plasticity properties of clay materials particle size is the most important one because
according to Manoharan et al.,(2012)[10] particle size and particle shape have influence on
the molding properties of the clay materials. The textural class of the sample based on
classification schemes commonly used for soil is silt-sand.

The percentage of Loss on Ignition (LOI) which is about 7.0% is associated with the
presence of clay material, hydroxides, organic matter and volatile components (Baccour et
al., 2008)[2]. The low percentage of LOI indicates low carbonacious matter than mineral
matter. Organic matter may increase the plasticity of ceramic materials especially in rapid
cycles and in bodies containing Fe O, and strongly impacted in the raw state, however, it
creates problems connected with their oxidation (“black core”)[11].
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Table 1.0: Grain Size Distribution, Textural and Loss on Ignition Results

Sample Particle size textural loss on ignition distribution (Wt %) Class
(LOI)
(Wt %)
Location sand silt clay
Mubi 58.0 2.50 17.0 silt-sand 7.00

Wt % = weight percent

CHEMICAL ANALYSIS

From the chemical standpoint (Table 2.0), the mainoxides are SiO,, AL O, and FeO, TiO, and
K O, whereas CaO and P,O_ are present only in small amounts. The presence of small
amounts ofK,0 (4.83%) suggests the presence of illites (Adjia, 2013)[7]. Na,0, and MgO were
not detected by the instrument may be due to low detection limit. Trace elements which
serve as impurities measure less than 2.0%. The sample contains about 80% glass-forming
oxides (that is SiO,+Al O,) which should yield a good chemical resistance (Ergul et al.,
2009)[12], as well as elevated percentages of Ca0, K 0O, TiO, and Fe,O, which ensures a high
crystallization trend and formation of approprlate 5111cate and alumlno silicite phases
(Ergulet al., (2009)[12]. A comparative analysis of the SiO,: AL O, ratio indicates that the clay
is of 2:1 type, and the clay falls into clay recommended for refactory work (Worall,
1975)[13]. The high amounts of SiO, indicate a rather high content of quartz, whereas Al O,
can be correlated with clay minerals and feldspars[14],[15],[16]. High percentage of Fe203
may be attributed mainly to the presence of haematite (Baccour et al, 2008; Mark,
2010)[2],[17]. Iron is recognized to possess good fluxing properties and the iron oxide
content influences the mechanical strength of ceramics (Michailidis et al, 2010)[18]. The
observed large amounts of silica, alumina and ironsuggest that the clays could be used for
a variety of purposes (Osabor et al., 2009)[19]. The fluxes are K O, Fe O,, CaO, MgO and TiO,
help to melt silicates, and binds the particles of clay together during firing (Manoharan et
al., 2012)[10]. Fe,O, imparts colour to the clay but it is not the only factor responsible for
the colouring of ceramic wares, other constituents such as CaO, MgO and TiO, can
appropriately modify the colour of the fired clay [2],[7], the temperature of firing, relative
amounts of ALO,, and the furnance atmosphere all play an important role in the
development of colour in the fired clay products (Nyakairu et al; 2002)[14]. Another
important aspect with respect to chemical composition of the clay is the high amount of K
O that is considered the main flux agent of the clay materials [20].
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Table 2.0: Chemical Composition of the Clay Sample Studied

Sample chemical composition

Location (Wt %)

Aleg, SiOz, PzOs, Kzo, Cao, T|02 VzOs Cr203 MnO FEZOg NiO CuO ZnO Gazoz Rh203 BaO ReZO7

MUb| 154 60.9 052 483 109 225 011 0.08 0.079 13.19 0.065 0.058 0.03 0.046 0.77 045 0.1

Wt % = weight percent

MINERALOGICAL ANALYSIS

The clay sample contains illite which exhibits characteristic diffraction angle of 26 equal to
9.68015° corresponding d-spacing of 9.1283A with a relative abundance 15%, Muscovite
with a characteristic26 angle of 8.94076° and a corresponding d-spacing of 9.1283A with a
relative abundance of 13% and phlogophite with 26 equal to 1.79948° and a d-spacing of
50.6900A with a relative abundance of 8.93%.The clay have a definite illitic character, and
hence can be defined from a mineralogical view point [21] as illitic clay with a high sand
content (58%). The most likely source of mineral for the formation of illite is K-feldspar or
plagioclase mica (Islam et al., 2002)[22]. The reasonable amount of Fe203 detected(13.19%)
suggests that the illite is iron-rich [23]. Since no iron hydroxide was detected by XRD
analysis it indicates that the iron was largely silicate bound and not oxide bound (Petrick,
2011)[24]. The illite behaviour presents favourable properties for ceramic use[21].

I = lllite
M = Muscovite
P = Phlogophite

{ Al b kw L AL
. Rl P S gt | ‘ T e ol |
‘Figure 1. X-ray diffractogram of Mubi clay fraction ! RN TR
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Table.3.0 Mineralogical Composition of the Sample Studied

Sample minerals XRD Data
Location Identified d-spacing 20 angle

A (deg)
Mubi Illite 9.68015 9.1283

Muscovite8.940769.8850
Phlogophitel.7994850.6900

CONCLUSION

The processing of ceramic clays are influenced by the interaction of different
material parameters (Petrick, 2011)[24]. The quest for a technologically accepted raw clay
material for brick productions and possibly for other ceramic products dictates the
investigation, study and evaluation of the local clay sample from Mubi towards these
applications. The clay sample from this source offer considerable prospects for the
exploitation as raw material for ceramic industries. X-ray diffraction analysis shows that
the clay is generally illitic with minor amounts of muscovite, and phologolite. X-ray
fluorescence analysis indicates that the clay possesses characteristics typical of clay that is
rich in silica alumina and iron oxide. Analytical results show no traceable amount of Na,O
and MgO which reflect the non- existence of swelling type clays.Of the other oxide CaO,
KO, and PO.are present in reasonable amounts. While trace elements are present in
concentration less than 2.0%. From the analytical results obtained it can be deduced that
due to its high silica content the clay may possess a refactory behaviour. Because of the
reasonably high TiO, content [25], it may be attributed to the quality of the clay in term of
whiteness for paint, pigment and can act as a pacifier. Because of its high sand (quartz)
content it cannot be used for fine ceramic items. Cole, (1959)[26] reveal that the presence
of hydrous mica of the illite type in clays is an indication that the clay should be suitable
for use in the structural clay industry, since this is intermediate in many of its properties
and burns to a satisfactory product at a relatively low temperature (900-1000°C). Illite is
one of the major components of the clay used in traditional ceramics for the production of
cooking pots, plates, tiles and bricks[27].

Especially considering its high iron content the clay possesses characteristics
suitable for application in various ceramic industries. The chemical composition and
particle size distribution of clay reveals that to enable its wider use, the addition of
materials or by blending as suggested by Hettiarachchi et al., (2010)[28]; adding a 90% by
weight of clay-silt fraction must be employed to obtain the optimum quality at1000°C. To
enhance its plasticity [24] the clay may be improved by various methods including methods
like extrusions, addition of small portion of swellable components such as bentonites or
pure smectite or chemical additives for example inorganic compounds such as soda,
sodium phosphate species, water glass etcetera or organic binders for example
carboxymethylceclucose, polymeric alcohols etcetera. Given their mineralogical physical

147
IDOSR JOURNAL OF SCIENTIFIC RESEARCH 2(2) 142-149, 2017.



www.idosr.org Bakari et al

and chemical characteristics and subject to some modification the clay may find
applicationsin a number industrial set-ups such as paint, plastics, ceramics, refactory and
fertilizer manufacturing.
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