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ABSTRACT  

The suitability of some clay deposits in South Eastern Nigeria 
(Unwana, Ekebedi, Okigwe and Nsu) as materials for the 

production of floor tiles was investigated. The clay samples were 
analyzed using wet classical method to determine their chemical 
composition. Floor tile test specimens were produced using 

standard method. The test specimens were tested for physical 
properties such as compressive strength and porosity at 10500C 

and 11500C temperature levels. The chemical analysis showed the 
following results: Unwana (SiO2,52.24%, AL2O3, 27.20%,Fe2O37% 

TiO2(1.52%), Ekebedi SiO2 (58.53%) Al2O3 (28.42%), Fe2O3 

(1.41%),TiO2 (1.12%), Nsu SiO2(58.16%), Al2O3(28.03%), Fe2O3 

(1.89%), TiO2(0.82), Okigwe SiO2 (53.00%), Al2O3 (27.40%), 

Fe2O3 (6.56%),TiO2 (1.31%). The compressive strength of 
Unwana, Ekebedi, Okigwe and Nsu clays at 10500C are 

respectively 15MPa, 13.75MPa, 14.5MPa and 13.5MPa. At 11500C, 
the values are 16.2MPa and 16.0MPa for Ekebedi and Nsu clays 
respectively. The porosity of Unwana, Ekebedi, Okigwe and Nsu 

clays at 10500C are respectively 31.57%, 23.15%, 27.30% and 
24.21%. At 11500C, the values are 23.65% and 24.75% for 

Ekebedi and Nsu respectively. The four clays can be used for the 
production of tiles but Ekebedi has the highest compressive 
strength which makes it the most suitable clay for the production 

of floor tiles when compared with floor tiles of the same nominal 
size stipulated by ASTM standard. 

 
Key Words: Compressive Strength, Porosity, clay minerals, 

quartz, feldspar  
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CHAPTER ONE 

1.0 INTRODUCTION 

1.1 Research Background 

Clay is an earth that forms a sticky mass when mixed with 

water (Guggenheim, et al, 1995). When dry, clay becomes firm 

and when fired in a kiln, permanent physical and chemical 

reactions occur. It has physical and chemical characteristics, which 

enable it to be shaped by casting, moulding, turning or pressing in 

the wet form. On drying and heating to high temperature, the 

shaped material is stone and can even be beautified by 

decorations and glazing. However, the term clay can also refer to 

a rock or a deposit containing a large component of clay-sized 

material. Thus, clay can be composed of any inorganic material, 

such as clay minerals, allophone, zeolites and iron hydrous that 

possess a sufficiently fine grain size. Most clays, however, are 

composed primarily of clay minerals. Although, the composition of 

clays can vary, clays can share several properties that result from 

their fine particle size. These properties include plasticity when 

wet, the ability to form colloidal suspensions when dispersed in 

water, and the tendency to flocculate and settle out in saline 
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water. Clays, together with organic matter, water and air, are one 

of the four main components of soil (Guggenheim, et at, 1995). 

According to Ryan, (1978), clay minerals are typically formed 

over long period of time by the gradual chemical weathering of 

rocks usually silicate bearing, by low concentration of carbonic acid 

and other diluted solvents. In addition to the weathering process, 

some clay minerals are formed by hydrothermal activity. Clay 

deposits may be formed in place as residual deposits in soil but 

thick deposits usually are formed as a result of a secondary 

sedimentary deposition process after there have been eroded and 

transported from their original location of formation. Clay is still 

being produced by natural forces and no doubt more clay is being 

formed daily than man is able to use all in ceramics. Clay also 

provides the alumina and silica required for cement manufactures. 

Clay in its raw state is called green ware. Clay that has been 

fired but not glazed is referred to as bisque ware 

(http://seco.glendale.edu/ceramics/clays.html.2009). 

In Nigeria as a whole and South Eastern Nigeria in particular, 

clay occurs in great abundance. It is found in nearly every local 

government area. The nation-wide occurrence of brick making 

earth material explains the establishment of bricks factories in 
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almost all parts of the Federation of Nigeria (Adejoke et al, 1989). 

Clay is the most widespread mineral on the earth surface. 

1.2  Problem Statement  

Nigeria is richly endowed with abundant deposit of clay 

minerals. Regreteably those clay minerals have not been 

adequately harnessed, hence a threat to the nation economy. 

Although imported floor tiles used in buildings have received 

detailed attention and utilization, but clay minerals from Nigeria 

clay deposit and their applications in floor tile production for 

example have been neglected. Hence Nigeria continues to depend 

on imported floor tiles for many of it‘s building.      

1.3  Research objectives: 

1.  Against the backdrop of the problems stated above, the 

objectives of this research are: 

i.  To determine the chemical and physical properties of the 

clay minerals from various sites in the South Eastern zone. 

ii.  To evaluate the suitability of the different clay mineral for 

floor tile production 

iii.  To determine the porosity and compressive strength of the 

various floor tiles produced. 
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1.4 Justification of Research  

Federal ministry of solid minerals development in 2005 

estimated a reserve of three billon tones of good kaolinite clay 

deposits identification in many locations in Nigeria (Ikele,2010). A 

proper and detailed study of the physico – chemical properties of 

those clay deposits will significantly improved their industrial 

utilization and the characterization for exploitation. 

1.5 Research Scope and Limitation  

The clay samples used in this research are obtained from 

clay deposits in Unwana (Ebonyi State), Ekebedi (Abia State), 

Okigwe (Imo State) and Nsu ( Imo State) all located in South 

eastern, Nigeria. 

This research is limited to the investigation of the physico- 

chemical properties required for the of production of standard floor 

tiles. The basic physico- chemical properties are determined 

through the following laboratory tests. 

  Chemical analysis 

 Compressive strength  

 Porosity. 
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CHAPTER TWO 

 

2.0 LITERATURE REVIEW 

2.1  Classification of Clay 

Clay is the product of geological weathering of the surface of 

the earth (Rhodes, 1973): this weathering is continuously going on 

everyday so clay is an extremely common and abundant material 

in nature. Clay is a mineral ―stew‖ that is the result of the erosion 

of the earth‘s crust over vast spans of time (Art, 186). Idenyi, 

(2002) opined that clays are complex alumino silicates compound 

containing attached water molecules. Clays and soils have their 

origin in the mechanical and chemical disintegration of rock 

(Idenyi, 2002). Clay minerals are hydrous aluminium 

phyllosilicates, sometimes with variable amounts of iron, 

magnesium, alkali metals, alkaline earths and other cations. Clays 

have structures similar to micas and therefore form flat hexagonal 

sheets (http//en:wikipedia.org/wiki/clayminerals). 

Clay is a natural occurring material composed primarily of 

fine-grained minerals which show plasticity through a variable 

range of water content and which can be hardened when dried 

and/or fired. 
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Clay deposits are mostly composed of clay minerals. Minerals 

which impact plasticity and harden when fired and/or dried, and 

variable amounts of water trapped in the mineral structure by 

polar attraction. Organic materials which do not impact plasticity 

may also be a part of clay deposits (Guggenheim, et al (1995). 

Clay is also a thermosetting material which consists of extremely 

fine particles of complex aluminosilicates (Okorafor, (2008). 

Odewale, (2004) reported that geologists recognize two 

main types of clay; residual and sedimentary.  

Residual Clay: Residual clays are those which have not been 

transported to any other location by natural agencies but have 

remained in their places of origin. They are otherwise called 

primary clays, kaolin or china clays. The kaolin clays are white in 

colour and are the purest types of clay. Residual clays are those 

clays which have been formed on the site of their rocks and have 

not been transported, either by water, wind or glacier road. 

Sedimentary 

The sedimentary, secondary, or ball clays are those clays 

that have been moved from their original sources by agencies of 

denudation. During their transportation, sedimentary clays 

becomes contaminated with other material impurities and the 
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variety of non-clay material found in ten are greater that in the 

residual clay. Careful examination of a large number of samples of 

ball clays have established that their composition varies and 

therefore ball clays cannot be distinguished by composition but 

only their location and geological age. 

According to Worral, (1986), sedimentary clays have been 

transported by water and ice and deposited in location distant 

from the sources of material. 

2.2  Geological Origin of Clay 

The nature of clay is determined for the most part by the 

chemical composition of the parent rock the physical and chemical 

environment in which the alteration takes place (Odewale, 2004) 

clay mineral are formed from the decomposition of igneous rocks 

such as granite. The PH of the environment is especially significant 

in the genesis of clay mineral. The Kaolinite is characteristically 

formed in an acid environment where the bases present tend to be 

removed in solution. Kaolinites also tend to form under neutral 

conditions at places where strong leaching affectively removes the 

bases from rocks. Montmorillonite apparently forms most readily in 

a mantra; or slightly alkaline environment. It alters easily and does 

not generally survive in older geologic sediments. M. Yoshimura 
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and Byrappa (2008) posit that at elevated temperature and 

pressure, water brings about formation of clays.  

Montmorillonite is related structurally to illite and changes 

into it especially in marine environment where Mg are present in 

relatively high concentrations. 

Table 1: Source of Talc in Nigeria 

STATES LOCATION 

Cross-River Obudu 

Osun Ile-Ife, Ila, Ilesha 

Ekiti Ijero-Ekiti 

Niger Rafi, Shiroro 

Kaduna Zonkwa 

Kogi Isanlu 

Oyo Iseyin 

Source: Raw Materials Research and Development Council (2009) 
 
It used as cosmetics, for ceramics and tile manufacturing. 
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Table 2: Location of Ball Clay in Nigeria 

STATES LOCATION 

Cross River Appiapumet and Ofumbonghaone, Ogurude, Ovonum 

Akwa Ibom Nkari, Nlung, Ukim, Ikot-Etim, Eket-Uyo, Ekpere-

Obom, Ikot-Okoro, Ikwa 

Benue Katsina Ala, Otukpo, Buruku, Gwer West, Gwer, 

Makurdi 

Ebonyi Ohaukwu, Ezza North, Abakaliki, Ezzi, Afikpo South, 

Ohaozara 

Abia Isikwuato, Ikwuano, Umuahia Bende, Arochukwu 

Enugu  Enugu, Isi-Uzo, Uzo-Uwani, Oji River, Udi 

Ekiti Ara-Ijero, Igbara, Ado, Orin 

Ondo Erusu Akoko, Ikale, Ode-Aye, Ute Arimogija, Ifon 

Ogun Bamajo, Onibode 

Plateau Bassa, Barnkin-Ladi, Mangu, Kanam, Langtang North 

Niger Lavun, Gbako Suleja, Minna, Agaie, Paikoro 

Kaduna Kachia, Maraba-Rido, Farn-Kassa 

Kogi All over the state 

Rivers Etche Ikwere 

Kano All over the State 

Delta Ethiope East, Isoko South, Ndokwa, South/East/West 

Okpe, Sapele, Ughelli South, Wari North/South. 

Niger Agaie, Bida, Lavun, Mashegu, Murya 

Source: Raw Materials Research and Development Council (2009) 
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Table 3: The Location of Quartz Deposits in Nigeria 
 

STATES LOCATION 

Cross River Mfamosing, Odukpani, Uwet, Akpa, Okranibang 

Akwa Ibom Obotime 

Imo Okigwe 

Abia Arochukwu, Ohafia, Bende 

Anambra Njikoka 

Ebonyi Abakaliki, Ikwo, Ishielu, Afikpo North, Ohaozara, 

Ohaukwu 

Enugu Nkanu East, Agwu, Aninri 

Benue Ado, Apa, Gboko, Guma, Gwer West, Katsina-Ala, 

Konshi8sha, Makurdi, Oju, Okpokwu, Ushongo. 

Ogun Ewekoro, Shagamu 

Kogi Ajaokuta, Osara, Ekinrin-Adde, Itobe, Jakura 

Nassarawa Awe 

Gombe Gombe, Yamaltu-Deba, Funa-Kaye, Nafada 

Yobe Yobe:Garin Ari, Turmi(Fika)Deda, Kwayaya(Fune). 

Adamawa Guyuk, Shelleng, Ngurore, Numan. 

Borno Yadi-Gilan  (Danboa) 

Edo Akoko-Edo, Owan East,Owan West,  Etsako East, Etsako 

Central, Etsko West. 

Kebbi Jega. 

Source: Raw Materials Research and Development Council (2009) 

 
Limestone can be located at Cross River, Ogun, Imo, Abia, 

Anambra, Ebonyi, Enugu, Benue, Ogun, Kogi, Nasarawa, Yobe, 

Adamawa, Borno, Edo and Kebbi States. It is used in Cement 
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Industries, as lime fertilizer flux in glass ceramics, iron, and steel 

industries. 

 
Table 4: The Location of Quartz Deposits in Nigeria 

STATES LOCATION 

Ebonyi Ohaozara, Abakaliki 

Ekiti Idao, Iroko, Aiyegunle, Efon-Alaaye, Okemesi 

Plateau Mangu, Pankshin, Kanam, Langtang North 

Niger Duku-Rijau, Gurara 

Kogi Okehi, Okene, Egbe 

Katsina Faskari, Bakori, Kurfi, Funtua 

Kebbi Danko, Washgu 

Source: Raw Materials Research and Development Council (2009) 

 
The estimated reserves of quartz in Ekiti State are put at 

23.817 million metric tones. It is used for Gel-Silica as 

catalyst/desiccants, precipitated silica. 

2.3  Chemistry of Clays 

It is from the decomposition or kaolinization of feldspar in 

the presences of air and water over a long period of time that 

kaolin clays have been formed as shown in the equation below.  

 
 

K2O. Al2O3. 6SiO2             Al2O3.  SiO2 2H2O 
                    -K2O          

feldspar      -4SiO2   kaolinite 
 

+H2O 
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Kaolinite is a crystalline material, individual crystal being flat 

and hexagonal in shape. The particle size of kaolinites lies 

between 1-0 micrometer. The residual clays or china clay are some 

times called kaolins a pharmaceutical term. They are the purest 

known form of mineral kaolinite (Worral, 1986). 

2.4  The Structure of Clay 

There are two main groups of clays mineral. The Kaolins and 

the montrnorillonites. (Worral, 1986)) Kaolins groups include the 

clay minerals, Necrite, dickite, Kaolinite and hallosite. They are 

composed of silica sheets linked to modified gibbsite sheets. 

Gibbsite layer as (Al,(OH)4
2+ and the silica sheet as (Si2O5)

2 

arriving at the composite formula (Si2O5) Al, (OH)4 — or 

Al,Si2O5(OH)4 the unit formular of the 

Fig.2.1a the Si and O atoms are linked to form six-

membered rings, similar to those in cristobalite and tridymite. The 

Si atoms are, as usual, in fourfold co-ordination with O, and the 

vertices of all the silica tetrahedral point upward. 

In the gibbsite layer (Fig 2.1b), the AL atoms in sixfold co-

ordination with O (or OH), but the atoms, drawn in unbroken line, 

form a hexagonal ring of approximately the same size as the Si-O 

hexagonal rings. Therefore the two layers, if superimposed, ―fit‖ 
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almost exactly, forming a compound layer with the O atoms, 

referred to as ―common‖ atom, forming the link between them.  

Kaolin group. The silica layer is often referred to as the 

tetrahedral layer, because of the tetrahedral shape of the SiO4 

groups. The co-ordination of the Si with respect to oxygen, which 

is four, is denoted by a roman numeral immediately above the 

element thus Si.  

In the gibbsite layer, the oxygen are arranged so as to form 

the corners of octahedron which are geometrical figures having 

eight faces and six corners. l‘, an important feature of the 

octahedral layer. 

 

Fig. 2.1a    Fig. 2.1b Gibbsite 

Fig. 2.1: The Structure of the Clay (Worral, 1986) 

 

 

 



15 

2.4.1 Texture 

Texture: Often a clay as it is found in nature may fire to 

open or too tight and contain more or fewer visual impurities than 

desired (Robert, 2005). 

When the clay is too rough or visually coarse you can add clay of a 

finer texture. Keep in mind that the non-plastic material you add 

will affect a clay plasticity. If the clay needs to be adjusted the 

other way, grog, sand, and other aggregates can be added. A 

number of organic inclusions have been tried throughout history, 

rice, sawdust, paper pulp, nylon fiber, fiber glass and many other 

materials can be added to the clay body. The organic inclusions 

will burn out in the firing and while the more traditional things like 

grog and sand will survive the heat.  

Estimating the degree of perfection of the crystalline 

structure of kaolin 

The technological features of clay and kaolin from different 

deposits depend on their texture and mineral composition (Sysa, 

et al, 2010). Thus, clay-forming minerals may differ substantially in 

terms of the perfection of their crystalline lattice for laminar 

silicates. The perfection of the structure is determined by the 

structure of the aluminosilicate layers proper and the order in 
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which these layers are superimposed within the crystallites. In a 

number of cases, the influence of imperfection in the crystalline 

lattice may prove to be one of the more significant factors that 

determine the rheological production properties of dispersed 

systems distinctive features in the forming of finished articles and 

as a consequence, the quality of ceramic. 

2.4.2 Kaolinite 

Kaolinite crystals are flat and plate- like each crystal is built 

from brick known as the unit cell or pattern of atom with repeated 

and indefinite number of times will produce the characteristic 

crystal shape and the composition. The unit cell of kaolinite 

consists of 26 atoms where the hydroxyl group is counted as one 

atom. (Odewale, 2004). The structure of the kaolin mineral is 

based on the combination or condensation of two layer structures. 

One layer known as silica is composed of silicon and oxygen atoms 

and the hydroxyl groups. The atoms arrangement or sheet 

structure can be of two layers firmly bond together by strong 

electrical bonds. The first or bottom layer of kaolinite sheet is of 

four groups of five atoms each arranged in the form of a 

tetrahedron; the four points of the tetrahedron being occupied by 
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oxygen atoms, while silicon atom occupies the center space since 

silicon is a quadrivalent element four positive charges. 

 

It gives one charge to each oxygen. 

 

 

 

 

 

Fig. 2.2: Structure of Kaolinite (Odewale, 2004) 

 

2.4.3  Tetrahedral of Silica 

Oxygen is divalent with two negative charges O2, oxygen ion 

a large atom and silicon is a small one the tetrahedral of the unit 

cell are linked in a single layer, each silicon three of its oxygen 

with it neighbour. The fourth oxygen, the one of the apex is linked 

to only one silicon. 

 

 

 

 



18 

 

 

 

 

 

Fig. 2.3: Diagram for Tetrahedral of Silica (Odewale, 2004) 

 

The solution is electrically balanced and so too are six 

oxygen of the bottom line, since each receives one charge from 

two silicon. But the oxygen atoms of the top layer are each linked 

to one silicon and therefore they still have a negative charge of 

one. Kaolinite crystals are soft and flaky and easily cleared. 

Horizontally, this is done weak forces of attraction that exists in 

the structure (Worral, 1986). 

The forces are: 

 Vander waals forces that exist between all particles in 

close proximity. 

  Hydrogen bonds between gibbisite layer and silica 

layer. 

 

 

O 

Si  

Si-O- 



19 

2.4.4 The Montmorilionite Group 

This involves the process of layer condensation a stage 

further by condensing two silica layers (one each side) with one 

gibbsite or one brucite layer given us respectively the mineral 

pyrophllite, Al2Si4O10(OH)2.The montmorillonites may be 

considered as derived from them by the process of substitution 

(Worral, 1986). 

 

 

 

 

 

 

 

 

Fig. 2.4 The montmorillonite structure (Worral, 1986) 

Key:  Oxygen     OH (or H2O)        Si        Al 

 

In these minerals, a single crystal is of course composed of a 

large member of units approximating to one other of the founder, 

but since adjacent layers in these units are now silica layers only. 
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There can be no other hydroxyl bonds the units are bonded by 

Vander walls forces such bond are readily broken by shear and 

therefore the montmorillonite are easily cleared and feel ―soapy‖ 

when rubbed between the finger although the ray diffraction may 

enable a montmorillonite type mineral to be recognized. It cannot 

always readily distinguished between members of the same group. 

The distinguished features are in fact the nature of the 

substitutions and the layer are more easily determined by a 

chemical analysis of the purified mineral. The replacement of 

trivalent aluminum by divalent magnesium, action for atom results 

in an overall negative charge on the lattice, these cations are this 

exchangeable. The very high cation exchange capacity of the 

montmorillonites is thus adequately explained by the high degree 

of substitution. 

The ionic formula of some representative minerals of the 

montmorillionite group are: 
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Table 5: Empirical Formulae of some Montmorillonites 

(Worral, (1986). 

Name of Mineral Empirical Formulae Exchangeable Ions 

Montmorillonite Al1.67Mg0.33 Si4O10(OH)2 Na0.33 

Nontronite Fe2A10.33Si3.67O10(OH)2 Na0.33 

Beidellite A12Si367A10.33 (OH)2  

Hectorite A12Si367A10.3310(OH)2 Na0.33 

Hectorite Li0.33Mg267Si4O10(OH)2 Na0.33 

Saponite  Mg3Si3.67Al0.33O10(OH)2 Na0.33 

 

2.5  The Illite Group 

Worral, (1986) reported that many natural clays contain a 

micaceous mineral resembling muscovite in some respects but 

containing less potash and more combine water than the normal 

muscorite formula allows it is a fine material, occurring frequently 

in sedimentary clays and often associated with montmorillonite or 

kaolite. It is by no means certain whether this micaceous material 

is a single mineral or .a mixture but it is convenient to use the 

term illite for this material on the understanding that it is not 

meant to imply a definite mineral of fixed composition but a group 

of mineral. Since the term is fairly generally accepted although not 

all reported illites are necessary pure. Analyses from various 
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localities show potash contents ranging from 3 to 7%, silica from 

38 to 53% and alumina from 9 to 32%. Illites have less 

substitution of aluminum for silicon in the tetrahedral layer. This 

would account for the lower potash and higher silica contents 

often reported but not for the higher combined water content. 

2.6  Chemical Method of Clay Analysis 

Wet chemical methods for separation can be applied in two 

ways: 

(a) If one constituent is unattached by a reagent that 

removes all the others. It can be determined directly  

(b) One constituent can be removed selectively. 

2.6.1  Chemical Analysis 

Wet classical method of chemical analysis has been for 

decades as a method of clay investigation. At the beginning of the 

1960s almost all the chemical analysis of clay was being carried 

out using classical methods. 

The flux to be used must satisfy these requirements (Grim, 

1958). 

(i)  It should decompose the sample both rapidly and 

effectively. 
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(ii)  The melt should dissolve rapidly in acid to give a clear 

solution thus making it easy to ensure completeness of 

attack. 

(iii)  The silica should at first to into solution and after a 

short evaporation produce a clear gel rather that 

places. 

Alkaline carbonates alone will decompose families containing 

about (42-45%) of Alumina but will fail with higher alumina 

contents. In order to extend the range of attack it is necessary to 

make a borate addition to the carbonate but the higher the borate 

content the slow dissolution of the melt. Extensive 

experimentation showed that 3g of fusion mixture (potassium) 

sodium carbonate and 0.4g of boric acid gave rapid and complete 

fusion. Later experience suggested that about 70% A12O3 

(Odewale, 2004). 

Fusions are carried out in platinum crucible with lid enabling 

the dissolution to be accomplished in situ Nitric, perchioric or 

sulphuric acids were not as effectively as hydrochloric acid for 

dissolving the meet 1 5m1 of acid was satisfactory, this being 

enough to react with all the alkali and to give appropriate excess 
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(and 10ml of water the minimum volume needed to rise off the 

lid). 

The lid was the least that could be used without gelling 

occurring during dissolution; extra water only delays gelling. 

Table 6: Chemical Analysis Result of a Typical Clay 

(http//en:wikipedia.org/wiki/clayminerals) 

Oxides      % by weight  

SiO2      46.29 

A12O3     38.38 

Fe2O3     0.30 

TiO      0.02 

CaO      0.61 

MgO      0.59 

Na2O     0.15 

K2O     0.51 

Loss on Ignition at 10000C  13. 59 

Total     100.44% 

Instrumental method of clay analysis 

The most modern methods of clay analysis are undoubtedly 

instrumental methods. There are so many of them like 

1. Microscopic investigation of both the original clay and its 

fraction can give valuable information. 
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2. X-rays: X-ray diffraction methods can be used to identify and 

characterize clay minerals describes how the changes 

occurring in clay mineral on heating can be followed by X-

ray diffraction data obtained during the heating (Grim, 

1958). 

3. Electron diffraction reflection corresponding to very small 

planer spacing can be defected and this can supplement x-

ray information.  

4. Infrared and microwave spectroscopy the application of this 

method for clay identification was first outlined in a 

conference on clay technology in 1952 by Nahim (1952).  

5. Differential thermal analysis. 

So many years ago it was realize that clay have distinctive 

thermal characteristics. It is now known that every mineral has it 

own thermal properties. Testing is done by the deferential thermal 

method in which the temperature of the test material is measured 

relative to inert material (Grimshaw, 1974) photosensitive paper 

records curves for the rate of temperature rise, DTA shrinkage wet 

loss with references at every 1000C. 

 

 



26 

The Use of Neutron Scattering in the Study of Ceramics 

Neutron scattering is a versatile probe used to study the 

structure and dynamics of materials. It has particular relevance to 

the investigation of ceramics and has been used for their study 

since neutron scattering was first developed almost sixty years 

ago. In the field of ceramics, the use of neutrons has traditionally 

been disseminated by diffraction and although still the most 

important, other techniques are increasingly being used. Small 

angle scattering and surface reflection are valuable for certain 

problems particularly in complex system with multiple phases 

(Benneth, 2009). 
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Table 7: Ball Clay Analysis by British Ceramics Association (Benneth, 1974) 
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Ball Clay analysis by British Ceramics Association (Benneth, 

1974) 

Mean 52.57 1.17 32.07 1.00 0.22 0.36 0.38 2.26 9.88 

S.D 0.88 0.11 0.82 0.82 0.12 0.17 0.17 0.17 0.28 

C.V 1.16 9.3 2.6 12.0 59 18.0 18.0 7.7 2.81 

Twenty one laboratories produce figure for this sample ten 

used methods which were identifiable as British standard. (Either 

single dehydration or coagulation). For the British Ceramic 

Research Association spectrophotometric method, and two used a 

method which was basically classical. One laboratory reported 

results obtained by atomic-absorption spectrophotometer (A.A.S) 

and it is interesting to note that six out of nine of the figures were 

eliminated during the statistical treatment. 

2.7  Structure of Clay Minerals 

Odewale, (2004) Clay minerals consist of hydrated 

alurninosilicates that are fine grained and usually have a plenty 

habit. The nature and properties of clay minerals are determined 

in large extent by their structure. The crystal structure of common 

clay minerals are based on combination of an (Si2O5) layer of S104 

tetrahedral joined at the corners with an AlO(OH)2 layer of A12O3 

octahedral, if the oxygen ion projecting down from the 5i205 plane 
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are built into the AlO(OH)2 plane, the layers can be combined to 

give the composition Al2 (Si2O5) (OH2)4 which is the most common 

clay mineral structures is that of the montmorillonites clays. These 

structures there are Si2O5 sheets both above and below a central 

AlO(OH) layer. 
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Fig. 2.5: Classification of Clay Mineral Based on their 

Structure (Odewale, 2004) 
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2.8  Factors Affecting Properties of Clay Minerals 

(Odewale, 2004). 

i. Crystal structure: due to differences in crystal structure of 

clay mineral the exhibit various differences and similarities. 

ii. Size and shape of individuals‘ clay particles size is very small, 

generally less than 0.005mm and ranging down to colloidal 

dimension. 

iii. It is this characteristic that is largely responsible for their 

plasticity when mixed with water. 

iv. Condition of formation of a particular deposit also 

determines the clay prosperities. 

v. Mineralogy clay properties also vary among the universal 

groups. 

vi. Impurities: clays contain varying amounts of necessary 

minerals which frequently influence the behaviour and utility 

of clay. The most common impurities are quartz, feldspar 

and minerals containing iron, line, alkaline and soluble salts. 

2.9 Modern Uses of Clay 

As mentioned in the introduction clay minerals is a versatile 

raw material it‘s uses are so numerous to mention; 
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1) Clay tablet were used as the first writing medium described 

with cume. 

2) Clay Material is among one of the best insulation of 

electricity, and heat and so is used for moving electrical 

insulators. 

3) Clay is also used in the rubber industries chemical and 

pharmaceutical industries. 

4) Clay is used in manufacture of inks, pigments herbicides, 

insecticides. 

5) Clay can be used for many purpose like ceramic production 

in heavy industries like, bricks, tiles, sewage pipes and 

sanitary wares manufacturing and fine ceramic like 

manufacture of nozzles crucible, motor piston, valves and 

refractories. 

6) Clay can also be used for purification of water for drinking 

and also for removal of heavy metals from aqueous solution. 

7)  Clay is used in paper making. 

Different types of clay, when used with different minerals 

and firing condition are used to produce earthenware, stoneware 

and porcelain: 

Some of the physical properties of interest clay are: 
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1.  Density 

2.  Bulk density 

3.  Plasticity  

4. pH 

5.  Drying and firing shrinkages 

6.  Fired color 

7.  Particles 

8.  Rheology of clay-water system deflocculating 

9.  Water absorption 

10. Modulus of rupture/comprehensive strength. 

2.10 Plasticity of Clay 

This is the characteristics of clay that when mixed with water 

in suitable proportion it becomes a coherent mass capable of being 

moulded to any desired shape and capable of retaining the shape 

when the moulding stress is removed (Rhodes, 1973). The more 

plastic a clay the more water it will tolerate without becoming fluid 

in order words the range of water content over which it is plastic is 

very wide. The plasticity of clay is determined by finding the 

minimum amount of water required to form a stable film around 

each clay particles, it is expressed as percentage of the dry weight 

of the clay. The plasticity developed by clays when water is added 
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to them is unique and no other materials gives anything like as 

high plasticity. It is this property, plus the fact that clays are cheap 

source of the chemicals required in high temperature reaction that 

has made clay the basis of ceramic industries. The plasticity of 

kaolin minerals is lower order than that of the montmorillnites. 

2.11 Theory of Plasticity 

A plastic mass of clay behaves theoretically very like a 

suspension. Let us assume that the liquid medium of plasticizer is 

water. The clay particles in a plastic mass carry the normal relative 

charges surrounding them is a film of adsorbed water molecules 

bounded by electrostatic forces. The water present is of two kinds 

A  bound water present in the films and 

B  ‗free‘ water in excess of that required to form films. Plasticity 

is associated with very small particles i.e. those of colloidal 

dimensions. It is because clay exhibits a great plasticity that it has 

found useful in the manufacture of ceramic wares by casting, 

moulding and pressing. 

2.12  Rheology of Clay 

Rheology is the study of flow characteristics of matter. 

Rheology is necessary for understanding of clay-water suspension 

system. 
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2.13 Soluble Salts in Clay 

It is noted that the presence of soluble salts like sulphate in clay 

causes difficulty in deflection. Sulphate are often found in clays 

and they use up deflocculant in side reactions as shown in the 

equation below. 

CaSO4 + Na2SiO3  CaSiO3 + Na2SO4. 

Soluble salt 

It is common practices to remove soluble salts (suLphates) 

by precipitation as Barium sulphate by use of Barium carbonate 

CaSO4 + BaCO3  BaSO4 + CaCO3 

2.14  Moisture Content of Clays 

There are three types of water present in clay 

i.  Crystal Water: This does not come out at all unless 

temperature in excess of 400-500°C are applied. 

ii.  Adsorbed Water: There is a layer of adsorbed water shoes 

thickness depends in large part upon the type of anions and 

cations associated with the clay. 

iii.  There is the loosely held water: This is most probably a 

continuation of the adsorbed layer. Experiment with 

kaolinites have shown that prolonged exposure to 

temperature of 100-105°C are required to remove the last 
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0.5% of free moisture. Clay thus dried have a strong 

tendency to re-adsorb the 0.5% moisture. 

iv. The montmorillonites and illite types of clays tend to start 

losing water from their crystal structures at temperatures not 

much above 105°C and care must be exercised not overheat 

when testing ball clays or bentonites because to do so would 

give false results. Ball clay frequently contains organic 

matter in the form of lignite and this holds water strongly. 

Keeling, (1958) describes a method dependent on the 

physico-chemical relationship between clay mineral particles 

and water. For more determination of moisture content of 

clay, a weighed piece of plastic clay is dried in the oven at a 

temperature of 105°C ± 1°C for 24 hours.  

The content must be weighed within a period of not over 30 

seconds to avoid pick up of moisture from the air. There is also 

moisture content apparatus that automatically measure the 

moisture content of samples of clays introduced inside the 

chamber and the digital readout in down on the dash board. 

Porosity 

Porosity refers to the ability of a material to absorb water. 

Earthenware pieces, having been fired to a lower temperature, do 
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not fully mature or vitrify, and as such, allow water to slowly pass 

through the wall of the pot. The higher the firing temperature, the 

less water can pass through, so earthenware fired near the 2000 

degree temperature will exhibit little porosity, especially if they are 

glazed. Conversely, pieces fired low, such as red clay planters fired 

around 1200 degree F will exhibit pronounced porosity. At the 

extremely high temperature that stoneware and porcelain are 

fired, little, if any porosity is noticed, even if the pot is unglazed 

(http://seco.glendale.edulceramic/clay.html, 2009). Just as higher 

temperatures yield greater water retention, pots fired at 

stoneware/porcelain temperatures are much stronger and durable 

for every day usage. Additionally, as temperature increases, 

colours are driven from the glaze.  

2.15  Particles Size Distribution 

Particles size determines the surface area and therefore the 

relationship with water which causes plasticity, viscosity and 

shrinkage. particles sizes can be determined by sieve analysis or 

by use of Andreasen pipette (Singer & Singer, 1963). 

2.16 pH of Clays 

The pH of the clay can be determine either by use of 

indicators of known pH or with pH electrode when measuring pH 

http://seco.glendale.edulceramic/clay.html
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of clays, consideration attention must be paid to the preparation of 

samples. Barke and Truog, (1942) have shown clay has been in 

contact with water together with the speed of stirring the mixture. 

The best pH for a given clay is found by testing the original clay 

and then gradually adding acetic acid or alkali to bring clay toward 

neutrality, testing the workability at regular intervals (Singer and 

Singer, 1963). There are so many improvements obtained by 

testing a clay to bring it optimum pH. The optimum pH is normally 

that of neutrality. 

2.17  Affinity of Dry Clay for Water 

The affinity of clay for water is shown by the fact that heat is 

given out when clay is wetted (Heat of Wetting). Montmorillonites 

clay which adsorbs a great deal of water has a very much larger 

heat than kaolinites which adsorbs only a little water. Parmelee 

and Freechette, (1942) deduced from their work that heat of 

wetting may be an indication of the susceptibility of the specimen 

to destruction by contact with water and also an indication of a 

high capillary force within the clay body. 

2.18  Effect of Heat on Clay 

Drying of clay, proper drying of clay is very important in 

ceramic industries. When plastic clay is dried, it looses water and 
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shrinks. If drying is too fast, and uneven, the shrinkage may lead 

to cracking and warping in the product.  

When well dried, the strength of the clay were increased and 

on firing becomes very strong. When a clay piece has reached a 

stage beyond leather hard condition it can then be dried quickly 

without the danger of cracking and warping (Rado, 1988). 

2.19 Firing of Clays 

On further heating of dried clays, more water is given off. 

The effect of heat on pun kaolinites has attracted a lot attention. 

After the removal of adsorbed hygroscopic water which Rado, 

(1988) has reported that it was eliminated at 14°C there remains 

chemically held water. This is removed by heating at above 450°C. 

Work done by White and others has shown that this dehydration 

follows approximately a first order reaction (Ruessele, 1953). 

Organic compounds begin to decompose at about 400°C giving off 

CO2, H2O, etc. and the learning free carbon in the body the 

dehydration product is shown below: 

Al2Si2O5(OH)4   4500C Al2Si2O3 + 2H2O 

   Metakaolin 

The dehydration of Kaolinite may be followed by differential 

thermal analysis an endothermic peak occurring with standard rate 
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heating at 6000C. For well crystallized kaolinite and at 5800C for 

disordered kaolinite (Worral, 1986)). 

At still higher temperature, the meta kaolin undergoes 

further reaction to form crystalline compounds, the end product 

being free silica cristobalite. At a temperature of 5730C which is 

silica invasion team heating must be gradual or the clay ware will 

split at this temperature silica inversion temperature is very critical 

in heating and cooling ceramic wares. 

More recently accurate measurement shows the formation of 

silicon-Aluminum spinet of formula 2AL2O3.3SiO2. This compound 

is then said to lose silica by progressive diffusion of silicon from 

the lattice, forming a mullite like a compound. The entire process 

may be represented by the following chemical equations: 

2(Al2O3.2SiO2)  9250C  2Al2O3 + SiO2 + SiO2 

Metakaolin           Silicon spinel 

2(Al2O3.2SiO2)  11000C  2Al2O3.SiO2 + SiO2 

Silicon spinel    pseudo-Mullite 

2(Al2O3.2SiO2)  14000C  3Al2O3 – SiO2  

Mullite crystobalite. 
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2.20 Importance of Dry Shrinkage of Clays 

For ceramic purposes, the dry shrinkage is very important. A 

small drying shrinkage is desirable in pottery bodies since it allows 

the formed articles to shrink away from the plaster mould and 

makes its removed from the mould easy. The shrinkage which 

occurs when dry clay is dried from its normal plastic working 

consistency is called the wet-to-dry shrinkage. It is determined by 

finding difference in length between the plastic lengths and dry 

length and is expressed as percentage of original length. The 

highest value of wet-to-dry shrinkage is associated with high 

proportion of fine particles. 

Properties of Clays for Manufacturing Sanitary Ware 

One of the most complex processes in the technology of 

ceramics is forming the intermediate product by casting in a 

Plaster of Paris mold. The crucial state in this process is preparing 

the casting slip, whose properties largely determine the moulding 

time and the quality of the intermediate and, finished product. 

Clays and kaolins are the principal raw materials, which are 

components of slips and ha4ve a large effect on their technological 

properties. For manufacturing sanitary ware clay material, [lie 

necessary moulding properties they impart strength to the dried 
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intermediate product and being the main source of mullite 

formation, they increase the thermal and chemical resistance of 

the calcined articles. The suitability of clays for manufacturing 

ceramic articles is determined by a complex of physical and 

chemical properties of clay (moulding, drying and calcine) which 

are determined by its plasticity (Mikhalev and Vlasov, 2007). 

2.21 Oxidation of Clay 

An important change which occurs in the clay during the 

early stages of firing is the oxidation or decomposition of all those 

compounds of the clay which are not already in oxides form 

(Worral, 1986). These would include such organic matter as 

carbon and the inorganic carbonates or sulphates. The oxidation of 

all these compounds is usually not complete until the temperature 

has advanced to about 9000C. 

All clays contain an appreciable amount of carbon, and firing 

has the effect of oxidizing or burning up this carbon. This process 

of oxidation requires that oxygen in the form of air be present in 

sufficient qualities in the kiln ordinary oxidation proceeds without 

difficulty however, if the firing is carried on too rapidly, or if 

insufficient air present in the kiln because of improper adjustment 

of burners, some carbon may remain in the ware. 
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2.22 Firing Shrinkage 

This is the differences in length between unfired dry length 

and fired length, also expressed in percentage of original undried 

length.  

Clays in general shrink when fired because the pore spaces 

gradually become filled with molten material which on cooling 

solidified to form a glass. If the firing is sufficiently prolonged, all 

the pore space is filled and the body is then said to be vitreous 

and has no porosity. 

Bloating: Certain clays when heated to high temperature not 

only start to vitrify but expand very markedly, such clays are 

useful as ladle bricks for steel production in order to bloat at high 

temperature clay must in general contain substances, that evolve 

gas notably sulphates, sulphi des, carbonates or fluorides. 

2.23  Vitrification of Clays 

Vitrification is the hardening, tightening, and finally the 

partial classification of clay (Idenyi, 2002). Vitrification gives to 

fired clay its characteristic hard, durable, dense and rocklike 

properties. It is accompanied by shrinkage in the clay (Ruessele, 

1953). The extent of which a clay vitrifies at any given 

temperature is governed largely by the type and amount of 
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flowing oxides namely magnesium. Also, it is to be observed that 

the presence of iron oxide in clays lowers the vitrification 

temperature. The refractoriness of any clay is a function of its 

alumina (A12O3) content. The higher the alumina content the 

greater the refractoriness of clay. 

In general two types of test are used for determination of 

the strength of the ceramics, and concrete. The compressive test 

is more reliable for ceramic test and it will be used for this 

experiment. 

Beneficiation and Exploitation of Clays 

China clay occur as a fine ground alteration product in 

granite rocks large pits are dug in the altered rock to form a 

quarry and a high-pressure water jets are directed into the sides 

washing down the clay. The clay-water slurry after settling is 

pumped up to ground level for dewatering, de-magnetization and 

drying.  

For ball clays, open pit mining, deep mining are employed 

depending on the overburden i.e. material lying above the clay. 

Open pit mining is usually employed when the seam is not too 

deep. For open pit working, the overburden of the soil is removed 

by mechanical excavators or by use of bulldozer and the 
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underlying clay is then dug with pneumatic shovels and loaded on 

lorries by means of elevators (Idenyi, 2002) beneficiation process 

effort are geared towards removal of harmful and unwanted 

impurities not required for a specific product. 

2.24  Compressive Test 

Compressive strength is the capacity of a material to 

withstand axially directed pushing forces. When the limit of 

compressive strength is reached materials are crushed. Concrete 

can be made to have high compression strength. The compressive 

stress reached when the material fails completely 

(http:en.wikipedia.org//wiki/compressive strength.). The 

compressive strength is usually obtained experimentally by means 

of a compressive test. The apparatus used for this experiment is 

the same as that used in a tensile test. However, rather than 

applying a uniaxial tensile load, iniaxial compressive load is 

applied. A stress strain is plotted by the instrument. 

Use of New Ceramic and Refractory Materials: An Important 

Factor in Improving Economic and Energy Efficiency of Enterprises 

The problem of reducing energy consumption and that of 

saving energy become all the more important both within Nigeria 

and abroad. This problem is particularly important for the economy 
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of our country since the content of our industrial production and 

civil economy enterprises is many times higher than the general 

world indices. In the cost of production, the proportion expended 

on energy resources often becomes predominant, and in view of 

this, the competitiveness of the products of domestic enterprises 

depends even more on rational consumption of energy resources. 

An overwhelming part of the energy resources is currently the so-

called non-renewable sources in the form of organic mineral fuels 

i.e. natural gas, oil, peat, oilshales and other forms of fuel. Use of 

these as energy sources leads to significant discharge of harmful 

substances (dust, sulphur oxides, nitrogen oxides, e.t.c) and 

therefore solution of the problem of energy saving is closely 

connected with resolving ecological problems (Krasnyi, et al. 

2010). 
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CHAPTER THREE 

3.0 MATERIALS AND METHOD 

3.1  Collection of Raw Materials 

40kg of each clay sample (Unwana, Ekebedi Camp of Faith 

and Nsu Clays) were collected from the mine site by random 

sampling. The Unwana clay deposits all over the whole surface 

area of the polytechnic ground so the sample was dug out without 

any difficulty by removing the topmost soil. The Ekebedi clay 

deposit is located at about 50 meters below the ground surface in 

a valley while Nsu clay deposit occurs at a depth of 5 meters from 

the surface of the ground and camp of faith was seen on the 

ground surface. The over burden was removed before extraction. 

3kg were removed from each of the 40kg after homogenization 

and quartering processes. Demagnetization was then carried out 

on the samples followed by drying at 1100C for 24 hours. The 

samples were labeled A,B,C,D for Unwana, Ekebedi, Nsu, and  

Okigwe clay respectively. 
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Table 3.1: Body Composition for the Floor Tile Production 

 Unwana Ekebedi Nsu Camp of Faith 

Clay 650g 650 650 650 

Quartz 200g 200 200 200 

Feldspar 100g 100 100 100 

CaCO3 50g 50 50 50 

 

3.2  Experimental Details for Tile Production 

This is based on the production process of ceramic floor tile 

using the local raw materials, such as (Ekebedi, Nsu, Unwana and 

Camp of Faith clay) and addition of three additive local available 

for me; quartz, feldspar, and CaCO3. 

The dry clay Ekebedi, Unwana, Nsu, and Camp of Faith) was 

weighed out using the weight balance, and was soaked in a plastic 

bucket for a period of weeks for proper saturation with waters. 

Sieving 

The soaked clay was carefully sieved, using 50 mesh sieve into a 

clean plastic bucket. 

Pouring of the Sieve Clay 

After sieving clay, it was allowed to settle for 24 hours, 

thereafter the excess water was decanted and the clay spread on 

a flat, clean concrete floor to dry to leather hard. 
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Body Preparation 

The quartz was first of all-ball milled for 8 hours after which 

it was sieved using 200 mesh sieve. Four samples of test tiles were 

made (A,B,C,D) with the following body composition. 

Making of Test Tiles 

Four sample of test tile were made (sample A,B,C and D). of 20cm 

length A 10cm mark was made on the tile to determine shrinkage 

rate. Reduction in size was observed after three days of drying. 

The shrinkage measurement was obtained.  

Table 3.2: Without Additives 

SAMPLE ORIGINAL WEIGTH DRY LENGTH  

A. UNWANA 10cm 9.0cm 

B. EKEBEDI 10cm 9.30cm 

C. NSU 10cm 9.18cm 

D. CAMP OF FAITH 10cm 9.10cm 

 
Table 3.3: With Additives 

SAMPLE ORIGINAL WEIGTH DRY LENGTH  

A. UNWANA 10cm 9.35cm 

B. EKEBEDI 10cm 9.50cm 

C. NSU 10cm 9.29cm 

D. CAMP OF FAITH 10cm 9.45cm 
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3.3  Firing of the Test Tile 

The test tile was fired in the oven to a temperature of 1100C 

after it was fired in an electric kiln at temperature 11500C. 

Thereafter the fired length as follow: 

 

Table 3.4: Fired Results 

SAMPLE ORIGINAL WEIGTH DRY LENGTH  

A. UNWANA 9cm 8.30cm 

B. EKEBEDI 9cm 8.80cm 

C. NSU 9cm 8.50cm 

D. CAMP OF FAITH 9cm 8.40cm 

 

3.4  Determlnation of Density 

The densities of the four clays were determined by use of a 

density bottle of 50rn/s capacity. The density bottle was first 

weighed empty, weighed with water and then weighed with each 

clay sample. The density was calculated as: 

  Density =  

These were recorded in the table for result. 

3.5  Determination of Bulk Density 

The bulk density of the clay sample was determined by use 

of cut rectangular shapes of the clays with known volumes 
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following the methods described by Avery and Basbcombs (1974). 

Four cut rectangular clay slabs were weighed and their weights 

were noted. Their dimensions were measured using vennier caliper 

and the various lengths, breadths and widths were noted. 

 

Bulk density  =   

Bulk volume = volume of solid material (Lxbxh) + volume of 

sealed pores + vol of open pores.  

These calculations were done recorded under result. 

3.6  Determination of Plasticity 

This was also determined by use of cut rectangular shapes 

of the clays with dimensions of 10cm on the slab. It is allowed to 

dry under the atmosphere for 3 days and changes in size taken. 

The material is also taken to oven at 110°C. Another change in 

size is observed, then fired at 1150°C where there is also change 

in size. These were done and recorded under result. 

3.7  Determination of Drying Shrinkage 

For this determination, the clays were cast into bars of 20 x 

5x 1cm3 with wooden mould. Immediately the articles were 

removed from the mould sharp marks were made with calipers 
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exactly 10cm apart on the clay cast. The clay bars then dried in 

the oven for 24 hours after the green strength has been identified 

from the marked sample. The wet-to-dry shrinkage was 

determined after drying by measuring length between the two 

marks on the clay surface. The drying shrinkage were found to be 

length before drying minus length after drying. 

3.8  Determination of Firing Shrinkage 

The dried clay bars were fired in the laboratory kiln to 

1150°C and the fired shrinkage was calculated. There was again 

recorded. From the drying and firing shrinkage, the total 

‗shrinkages were calculate and recorded under results. 

3.9  Determination of Moisture Content 

The moisture content was determined as percentage loss in 

weight of the fresh sample in the oven at 110°C for hours. An 

average of 6g was used in each case. The moisture content % of 

A, B, C and D were calculated as wt of the clay before drying — 

Wt of the clay after drying divided by the original wt. multiplied by 

100. The result was recorded under results. 

3.10  Determination of Porosity 

Boiling method was used for this determination four fired 

test bars were weighed accurately. They were then immersed in 
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boiling water in a large pot and boiled for 4 hour. The bars were 

then removed and their bodies cleaned with a dry towel and were 

immediately weighed. The differences in weight between the 

boiled and un-boiled pieces were recorded as water porosity. This 

was expressed as percentage of the original weight. See results. 

3.11  Determination of pH of the Clays 

The clays were dried at 105°C for one day. Some quantity of 

distilled water was boiled. 2 drops of concentrated KC1 were 

added to 100ml boiled distil water.  

25ml of the water was put in the mixer cup 25gm of the 

sample of powered clay was put into the water. The clay 

suspension was stirred at high speed for 10minutes and 

transferred to a clean screw top jar which was placed in a constant 

temperature both at 25°C. The pH meter was calibrated to pH 7 

and the electrode flushed with distilled water. The clay was then 

removed from the constant temp bath shaken and pH determined 

with standard pH meter Philip Harris model 7020 and recorded. 

3.12  Chemical Analysis of the Clay 

Wet classical method of chemical analysis was used for the 

determinations of chemical properties of the clay samples. 

(Chemistry Dept.  Pub. 1951). 
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3.13  Preparation of Samples 

2kg of each sample A,B,C, and D, were weighed out and 

properly dried in the ceramic workshop dryer at 110°C for 12 

hours. Each of the samples was coned and quartered to obtain a 

representative sample. 500g of each sample was put in a ball mill 

and ground for 24 hours thereby achieving a clay particle size of 

200mesh. 

3.14  Determination of Loss on Ignition (LOI): 

The platinum crucible for this test was first ignited in the 

laboratory kiln. Cooled in the desiccator and accurately weighed 

with analytical balance and the weight noted (Thougson, 1951). 

1g of each clay sample was used for this determination. The 

platinum crucible and 1g of clay sample was gradually heated until 

a temperature of 1000°C was attained in the laboratory test kiln. 

The platinum crucible and its content was cooled in the desiccator 

and weighed. The heating was repeated two times until a constant 

weight was obtained the loss in weight was recorded as loss on 

ignition an expressed in percentage of the original weight of clay. 

This test was done for all the clay samples and recorded under 

result. 
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Reading and calculation for loss on ignition for samples A. 

Wt. of platinum crucible alone = 18.7g 

Wt. of platinum crucible + sample = 19.7g 

Wt. of clay sample = 1g 

Wt. of platinum crucible + sample clay after calcinations at 800°C =19.6g 

Wt. loss = (19.7-19.6) = 0.lg 

% loss on ignition =  x  

For B 

Wt. of platinum crucible = 18.7g 

Wt. of platinum crucible + sample B 19.7 g 

Wt. of clay sample = 1g 

Wt. of platinum crucible + sample after calcination at 10000C 

Wt. Loss = 19.7 — 19.62 = 0.08 

Loss percent (LOI) =  x  = 8% 

For C 

Wt. of platinum crucible = 18.7g 

Wt. of platinum crucible + sample C = 9,7g 

Wt. of platinum crucible = 1g 

Wt. of platinum crucible + sample after calcination at 1000°C 

19.61g 



56 

Wt. Loss = 19.7— 19.61) = 0.09 

Loss % (LOI) = 9.0% 

Similarly, D LOI was obtained as 11% 

3.15  Determination of Silica, Alumina, Iron and Titanium 

Sodium carbonate fusion the sample fusion was with sodium 

carbonate and Borax as fusion mixture in the ratio 8.1.  

The procedure was as specified in (Chemistry Dept. Pub., 

1951) 0.5g of sample A was weighed in the platinum crucible and 

mixed with 5g of the flux mixture. The crucible was covered 

partially with lid and slowly heated in a test kiln until it fused at a 

temperature of 1000°C. The cake was reheated and cooled many 

times in order to release the material from the side of the platinum 

crucible. 50m1 of concentrated Hydrochloric acid used to 

disintegrate the cake in a 250m1 beaker. This was done in the 

fume cupboard. 

3.16  Determination of Silica (SiO2) 

100rnl of hot water was added to the disintegrated cake in a 

cassirol basin. This was warmed on a water bath until all the 

reactions had ceased. The solution was gradually evaporated to 

dryness on a boiling water bath until the smell of hydrochloric acid 

was no longer perceptible the cassirol basin and its content was 
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baked in the oven 110°C for 1 hour. The resultant mass cooled 

and again moistened with concentrated hydrochloric acid. 75m1 of 

hot water was added and after a few minutes digestion, the 

solution was filtered with ashless filter paper.  

The residue was washed several times with hot water. The 

filtrate and washings were reserved for Ammonium perception. 

The filter paper was transferred to the weighed platinum, crucible, 

dried and calcined in the laboratory Kiln at 110°C for 1 hour. 

The weight of silica obtained was recorded. This first result 

was recorded as weight of crucible plus silica and residue this silica 

contained traces of oxides of Aluminum, iron and Titanium. 

The silica and residue were treated with 2m1 of 

concentrated H2SO4 to prevent volatilization of titanic fluoride at 

red heat. 10ml hydrofluoric acid was added drop by drop. The 

crucible plus its content was placed on a stand bath, the solution 

was slowly evaporated to dryness in a fume cupboard, it was then 

gradually heated to decompose the sulphates and finally ignited. 

The crucible was allowed to cool and then weighed. This second 

result was recorded as weight of crucible plus residue. The 

differences between the last two weighing gave the amount of 

silica in the sample. 
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Readings and Calculation. 

Wt of Pt crucible + 5gm of sample = 19.20g 

Wt of Pt crucible + silica + residue 18.9g 

Wt of Pt crucible + residue = 18.7g. 

Wt of silica = 18.92— 18.67 = 0.26 = 2.6mgm 

% wt of silica =  

 Similarly the % of silica other clay samples B,C, and D were 

calculated and recorded under results.  

3.17  Determination of AL2O3, Fe2O3 and TiO2 

The filtrate from silica was heated to 90°C. 1g of solid 

Ammonium chloride was added followed by a few drop of methyl 

orange.  

Dilute ammonia (1.1) was added rapidly in drops with 

stirring until the solution was alkaline. The solution was then 

boiled and kept for 5 minutes. The resulting precipitate was 

filtered using what man ashless filter paper. The precipitate was 

washed four times with hot water (distilled) the filter and washings 

were collected and reserved for further analysis. 

A hole was cut in the tip of the filter paper and the 

precipitate washed back into the beaker. The precipitate was 
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redissolved in a slightly excess HCL another gm of Ammonium 

chloride was added. The solution was diluted with 300m1 of water 

and again reprecipitated with Ammonium hydroxide (1.1). 

The filter papers used in the ammonia precipitation were 

transferred to a weighed crucible and slowly dried and burnt in the 

kiln to a constant temperature. The weigth of the precipitate gave 

the weigth of combined oxides of Aluminum, iron and Titanium. 

After weighing, the ignite oxides were dissolved in the crucible by 

fusion with 3g of pure fused potassium pyrosulphate. The cake 

was cooked and detached from the crucible and transferred to a 

porcelain basin. 1 50m1 of water and 5ml of concentrated H2SO4 

were added. The crucible was well rinsed out with hot water and 

the washings poured into the basin. The mixture was heated on a 

water bath until all hand dissolved. The solution was then cooled 

and diluted to 250m1 in a graduated flask this solution used as 

stocks solution for the determination of iron and Titanic oxides. 

Determination of ferric oxides: calorimetrically the iron of B,C, 

and D, was determined calorimetrically, 

Procedure 

10ml of the fusion solution were diluted to 250rn1 in a 

graduated flask and used as test solution 5m1 of stock iron 
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solution was similarly diluted to 200m1 top act as standard iron 

solution. 

1ml = 0.005mg 

10ml burrette was filled with test solution another was filled 

with distilled water. Two identical 10ml nester were filled 

respectively with mixture of  

1) 10ml of 10% tartaric acid solution l0rnl of water 

2) 10mI of % tartaric acid solution and 10ml of test solution. 

Solution was diluted to 50m1 with water and each was 

added O.3ml of thioglycollic acid and 5rn1 (1:1) Ammonia solution. 

After string and standing for 6 minute, the standard iron solution 

was added drop by drop to Nessler glass (i) and an equivalent 

amount of water to Nessler (ii) with stirring until when viewed 

vertically, the colours matched, the quantity of standard iron 

solution used was recorded. 

Readings and Calculations 

Wt of the residue (precipitate with NH4OH) = 0.15g 

This was the combined oxides of Fe, Al and Ti oxides 

No of ml of standard of standard iron solution used = 14m1 

But ml = 0.00mg 

14m1 = 0.005 X 14 = 0.07mg 



61 

% Fe content of B =  x  = 1.4% 

The iron content Pf Pc and D and 1.89% 2.5% 

Determination of Titanium oxide,(TiO2) 

10ml of stock titanium solution were dilute to 100mls with 

distilled water. This gave a standard Titanium solution  

1ml = 0.1mg of TiO2 

A burette was filled with this solution and another one with 

water. Two identical 100ml nessler glasses were filled with mixture 

of  

1)  50M1 stock from pyrosuLphate fusion plus l0ml of 20 

volume hydrogen peroxide; 

2)  50Mls of 1.9 sulphate acids with l0mL of 20 volume 

hydrogen peroxides after stirring the standard Titanium 

solution was gradually added to nessler glass (ii) and 

equal volume of water to nessler glass (i) until the 

colours matched. The number of ml of titanium 

solution used was recorded. 

Readings and calculation 

No of Mls of standard solution used = 0.56M1 

1M = 0.LMg 
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0.56m1 = 0.056mg 

% of titanium oxides =  x  = 1.12% 

Total Fe and Ti oxides in B = 1.40 + 1.12 2.52% 

- %Al2O3 = x  = 30.53% 

Since Fe & Ti oxide = 2.53% 

% A12O3 = (30.53 – 2.53)% = 28.03% 

Similarly Fe2O3 and TiO2 in C and D are found to be 1.89%, 2.5% 

and O.82%, 0.99. 

Determination of Alumina in A 

The weight of the alumina precipitate less of the ferric and 

Titanium oxides and the filter ashes use in the silica separation 

and alumina precipitates gave the weight of alumina in 0.5g of the 

sample. 

The results were recorded under result column. 

Determination of Iron Sample A 

When the amount of ferric oxides in a sample exceed one 

percent a volumetric method as used, the colour of sample in the 

crucible after the determination of the loss on ignition was enough 

guide to know that Fe in A was large was pipetted into a conical 

flask 10 concentration of HCI was used. This mixture was heated 
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to boiling, 10% solution of SnC12 was added drop by shaking until 

the brown colour of ferric iron disappeared. The solution was 

cooled quickly under the tap and 2ml of saturated HgCl2 + 50m1 

of water + l0ml of sulphuric acid + 3ml conc. Phosphoric acid plus 

p[f drop of diphenylamine indicator were added. 

This solution was titrated with standard (0.05N) solution of 

K2Cr2O7 (Potassium dichromate) solution until the colour changed 

from green to blue/violet. 

Table 3.5: Volumetric Analysis Result 

Titration results 1st 2nd 

Final burrette reading (ml) 1.30 2.56 

Initial burrette reading 9ml) 0.00 1.30 

Volume of K2CrO7 used (ml) 1.30 1.20 

Average volume 1.2 5ml 

 

The iron was reduced to FeCl2 by HgCl2 and SnCl2 

Fe3+  Fe2+ 

SnCl2 + FeCl3  SnCl4 + 2FeCl2 

6Fe++ Cr2O7 + 14IF  6Fe3+ + 2Cr+++ 

Calculations 

1.25 moles of K2CrO7 was required to neutralize 25ml of iron 
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Solution 

 n1v1 = n2v2 

 n x 25 = 0.05 x 1.25 

 n1 = 0.05 x 1.25 + 25 = 0.0025 

Concentration of Fe3+ = 0.0025*56 

 = 0.014gl 

Conc. Of Fe3+ in 250ml = 0.114gl + 4 

 = 0.035g/250ml 

 % of Fe3+ in 0.5g of clay was found and recorded 

Determination of Calcium Oxide 

The volume of the acidified filtrate from the final ammonia 

precipitate was adjusted to 250m1, 1g of ammonia oxalate was 

added gradually the solution was made alkaline by slow addition of 

20m1 ammonia solution with stirring. After boiling for 2 minutes 

the beaker was covered with a clock glass and warmed on a water 

bath for 2 hours. The solution when cold was filtered. The 

precipitate was swashed for four times with cold 1 percent 

ammonium oxalate solution and the filtrate and washings reserved 

for magnesium oxide determination. The precipitate after washing 

was ignite to calcium oxide in the laboratory furnace and weighed 

when cold. This recorded. 
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Determination of Magnesium Oxide 

The solution reserved for magnesium oxide determination 

was acidified and evaporated to about 300m1 and cooled. A 

solution of 1gm of di-ammonium phosphate in 1 Omi of water was 

added followed by 20m1 of 0.88 ammonia solution and after 

vigorous stirring; the solution was stool over night in a cool place. 

The precipitate was filtered off using Whatman no 42 paper and 

washed a few times with cold 1:39ammonia solution. The filtrate 

was rejected.  

The tip if filter paper was punctured the precipitate was 

recovered and redissolved by hot 1:1 nitric acid. The filter paper 

was washed with hot water. The magnesia was reprecipitated as 

before except that the volumes of ammonia phosphate and 

ammonia solutions were reduce to 1ml and 5ml respectively. 

After again standing overnight, the precipitate was filtered 

through ignited and weighted Gooch crucible and thoroughly 

washed with cold 1:39 Ammonia solution. The precipitate was 

dried ignited, cooled and weighed as magnesium pyrophosphate. 

The conversion factor was 

Mg2O2O7 = 0.3 623MgO 
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The weight of Mg2P2O7 was found to be approximately 

0.000lg this converted approximately 0.0002g of MgO from here 

% MgO in A clay sample was calculated to be 0.04%. 

B = 0.08%, C = 0.l0% and D = 0.06% on adding 

diammoniurn hydrogen phosphate to the filtrates from calcium 

oxalate precipitations. 

Magnesium Ammonium phosphate slowly separated out. 

MgC12 + (NH4)2 HPO4 = MgNH4PO4 + NH4C1 + HC1 

This after washing and ignited gave 

2MgNH4PO4 = Mg2P2O7 + 2NH3 + H2O from this MgO was 

computed 

3.18  Determination of the Alkaline Oxides of the Clays 

Procedure 

0.5g of powered fine dry samples of the clay was ground up 

in an agate morta with 0.5 of Ammonium chloride and 3g of 

calcium carbonate, 5g of the CaCO3 was used on the bottom of the 

platinum crucible while the morta was rinsed out with a further 

0.5g of the carbonate and the charge in the crucible covered with 

the washings. 

The crucible was covered with its lid and cautiously heated 

until ammonia ceases to evolve. The heating must not be too 
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severe to avoid fumes of volatilized Ammonium chloride. The lower 

half of the crucible was then gradually raised on dull and kept at 

thus tempt for 1 hour so that the charge was merely sintered. 

On cooling, the cake was transferred to a porcelain basin 

and the crucible thoroughly rinsed pout into the basin with hot 

water. The cake was gently powered with agate pistle and the 

mass digested on a water bath with 80m1 of hot water for 30 

minutes and then filtered with whatman no 40 filter paper. The 

residue was washed thoroughly with hot water until the filtrate 

and washings occupy 130m1. The residue acid and discarded. The 

resultant solution was acidified with 1.1 Hydrochloric acid and 

heated to 90°C. Then 1:1 ammonic Hydroxides was added until 

the solution became neutrally finally 1OML of 20% ammonic 

carbureted solution was added. This precipitates calcium. The 

solution was filtered using whatman no 40 filter paper and the 

residue washed. The filterates and washing where put on an 

evaporating silica basin. The tip of the filter paper was punctures 

and the residue washed back into the beaker it was rediscover by 

running a few ml of 1:1 HCl over the paper. The filtrate wand 

washings were heated to 90°C and calcium recriminates again as 

before after filtering, the precipitate was again through washed 
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and the solution added to that already under evaporation the 

evaporation was continued to dryness the residue was them baked 

for 30 minutes at 120°C to remove the last traces of water. 

The basin was then directly heated gradually in a fume 

cupboard at a slow rate; this allowed the ammonium salts to 

volatilize and the remaining cold. 

3.19  Determination of Compressive Strength 

The compressive strength of the material would correspond 

to the stress at the point x on the curve. In a compression test, 

there is a linear region where the material follows Hook‘s law. 

Hence for these region REE where this is time E refers to the 

young‘s modulus for compression. This linear region terminates at 

what is known as the yield point. Above these point the material 

behaves plastically and will not return to its original length once 

the load is removed the uniaxial stress is given by  

R=F/A 

Where, F = load applied (N) A =Area (M2) 

The engineering stress is defined by 

Re = F/A where AO = original specimen area (M2) 

Correspondingly, the engineering strain would be defined by  
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Ee =  

Where 1=current specimen length (M) and 10=original specimen 

length (M) 

 

 

 

 

 

The compressive stress would therefore correspond to the point on 

the engineering stress strain curve defined by 

Ee =  

Ee =  

Where f* = load applied before crushing and 

1* = specimen length just before crushing. 

3.20 Glaze 

Glaze is a glass like layer which covers the surface of the pot 

and which is fused into place by reaction with clay body. Glaze is a 

thin layer of glass fused on to the surface of the body they are 

applied to bodies to make them impervious mechanically stronger 

STRESS 

Strain  
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and resistant to scratching chemically more inert and more 

pleasing to the touch and to the eye. 

Glazing then is the process of covering the body with a thin 

layer of glass. A suspension (slip) of the finely ground constituents 

glaze material is applied to the body which is then dried and fired. 

Classification of Glaze 

Glaze can be classified into five sections according to the 

firing temperatures required. From these sections, glaze can be 

divided further into various groups according to their appearances 

when fired example is transparent, opaque, coloured and other 

glaze groups, so that potters can easily refer to the section 

required. Some glazes require such material as wood as and 

natural local clays. Glazes are also classified as to whether they 

are raw or fitted, an important distinction in time consideration of 

glaze batches. 

Uses of Glazes 

Glazes are used to coat ceramic body/wave. Glazes are also 

applied to the body. The purpose of glazing is to make pottery 

more pleasing to and eye to provide an important coating (in case 

of a porous body) which makes the ware more hygienic, more 
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resistant to chemicals, and gives a fine colour and texture, and in 

many cases makes it mechanically stronger. 

The Oxides for the Glaze Prepared 

Composition Percentage % Temperature 

Calcium borate frit 40 11000C – 11500C 

Ball clay 20 11000C – 11500C 

Flint 40 11000C – 11500C 
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CHAPTER FOUR 

4.0 RESULTS AND DISCUSSION 

4.1 Linear Drying Shrinkage 

Table 4.1: Test Tiles without Additives 

TEST SAMPLE WET 

WEIGHT 

DRY LENGTH CHANGE IN 

LENGTH 

A 10cm 9.00cm 1.00cm 

B 10cm 9.30cm 0.70cm 

C 10cm 9.18cm 0.82cm 

D 10cm 9.10cm 0.90cm 

 

Table 4.2: Test Tiles without Additives 

TEST SAMPLE WET 

WEIGHT 

DRY LENGTH CHANGE IN 

LENGTH 

A 10cm 9.35cm 0.65cm 

B 10cm 9.50cm 0.50cm 

C 10cm 9.27cm 0.73cm 

D 10cm 9.45cm 0.55cm 
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Calculation for the % Shrinkage 

 Dry shrinkage =  

 A = 10 –  

 A = 0.1 x 100 

 A = 10% 

 B =  

 B =  

 B =  

          B = 7.0% 

          C = 10 – 9.18 x 100 

   

                    = 8.2% 

 D  

                         

   = 9% 

For the second clay mixture and receipt  

% dry shrinkage  

 A   
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    = 0.065 

  6.5% 

 B  

  = 0.050 x 100 

   = 5.0 

 C  

   

             = 0.073 x 100 = 7.3% 

 D =  

   

             = 0.55 x 100 = 7.3% 

4.2 Firing Shrinkage 

 The test Tiles was fired in the electric kiln to a temperature 

of 11500C there after the fired length was taken as follows: 

Percentage firing shrinkage calculation: 
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Table 4.3: Test Tiles Sample without Additives 

Test sample Dry length Fired length In length 

A 9.00cm 8.30cm 0.7cm 

B 9.30cm 8.80cm 0.50cm 

C 9.18cm 3.50cm 0.68cm 

D 9.10cm 8.40cm 0.70cm 

 

A = % firing shrinkage =  

  

   

B  = % firing shrinkage =  

       

   

    = 5.56% 

C  = % firing shrinkage =  

        

     =  

D  = % firing shrinkage =  
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       = 7.69 

Table 4.4: Test Tiles Sample with Additives 

Test sample Dry length Fired length In length 

A 9.35cm 8.56cm 0.79cm 

B 9.50cm 8.90cm 0.35cm 

C 9.27cm 3.5cm 0.47cm 

D 9.45cm 8.56cm 0.89cm 

 

A  = % firing shrinkage =  

   

  = 8.44% 

B = % firing shrinkage =  

   

                   

  = 6.315% 

C = % firing shrinkage =  

   

                   

  = 5.177% 
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D = % firing shrinkage =  

   

                 = 9.417% 

Table 4.5: Porosity for Sample with Additives at 9500C 

Test sample Dry length 

(cm) 

Fired length 

(g) 

Wet Weight 

(g) 

A 15 100 133 

B 15 100 125 

C 15 100 126 

D 15 100 130 

 

% absorption =  

A  =  

                  =     = 33% 

 

B  =  

                  =     = 25% 

C =  

                  =     = 26% 

D =  

                  =     = 30% 
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Table 4.6: Porosity for Sample with Additives at 10500C 

Test sample Dry length 

(cm) 

Fired length 

(g) 

Wet Weight 

(g) 

A 15 95 125 

B 15 95 117 

C 15 95 118 

D 15 95 121 

 

% absorption =  

A  =  

                  =     = 31.57% 

B  =  

                  =     = 23.15% 

C =  

                  =     = 24.21% 

D =  

                  =     = 27.30% 

Table 4.7: Porosity for Sample with Additives at 11500C 

Test sample Dry length 
(cm) 

Fired length 
(g) 

Wet Weight 
(g) 

A 15 - - 

B 15 93 115 

C 15 93 116 

D 15 - - 
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% absorption =  

A  =  

                  =     = 23.15% 

C =  

                  =     = 24.75% 

 

Table 4.8: Porosity for Sample Without Additives at  9500C 

Test sample Fired length 
(cm) 

Fired length 
(g) 

Wet Weight 
(g) 

A 15 100 125 

B 15 100 118 

C 15 100 117 

D 15 100 123 

 

% absorption =  

A  =  

                  =     = 25% 

B  =  

                  =     = 18% 

C =  

                  =     = 17% 

D =  

                  =     = 23% 
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Table 4.9: Porosity for Sample without Additives at  

10500C 

Test sample Fired length 

(cm) 

Fired length 

(g) 

Wet Weight 

(g) 

A 15 100 120 

B 15 100 113 

C 15 100 112 

D 15 100 117 

 

% absorption =  

A  =  

                  =     = 20% 

B  =  

                  =     = 13% 

C =  

                  =     = 12% 

D  =  

                  =     = 17% 
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Table 4.10: Porosity for Sample without Additives at  

11500C 

Test sample Fired length 

(cm) 

Fired length 

(g) 

Wet Weight 

(g) 

A 15 100 - 

B 15 100 110 

C 15 100 109 

D 15 100 - 

 

% absorption =  

B  =  

                  =     = 10% 

C  =  

                  =     =  9% 

Crushing Pressure For Test Tiles With Additive 

Crushing pressure = F/A 

Where A = area of rectangle 

Thus, a rectangular test tile 4 x 10cm was prepared for test. 

F = gauge reading calibrated in N 

Crushing Pressure at 9500C Sintered Clay 

F = 50N, A = 4 x 10cm = 40cm2 = 0.004m2 

 P = F/A =   = 12.50MPa 
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F = 45N, B = 4 x 10cm = 40cm2 = 0.004m2 

 P = F/A =   = 11.25MPa 

F = 45N, C = 4 x 10cm = 40cm2 = 0.004m2 

 P = F/A =   = 11.25MPa 

F = 45N, D = 4 x 10cm = 40cm2 = 0.004m2 

 P = F/A =   = 12.00MPa 

Crushing Pressure At 10500C Sintered Clay 

F = 60N, B = 4 x 10cm = 40cm2 = 0.004m2 

 P = F/A =   = 15.00MPa 

F = 55N, B = 4 x 10cm = 40cm2 = 0.004m2 

 P = F/A =   = 13.75MPa 

F = 54N, B = 4 x 10cm = 40cm2 = 0.004m2 

 P = F/A =   = 13.50MPa 

At 11500C 

F = 65N, B = 4 x 10cm = 40cm2 = 0.004m2 

 P = F/A =   = 16.25MPa 

F = 64N, B = 4 x 10cm = 40cm2 = 0.004m2 

 P = F/A =   = 16.00MPa 
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Table for Textile with Additives 

 Crushing strength for Samples 

Temperature  A (MPa) B (MPa) C (MPa) D (MPa) 

950 12.50 11.25 11.25 12.0 

1050 15.0 13.75 13.50 14.5 

1150 0.0 16.25 16.00 0.0 

 

Crushing Pressure For Test Tiles Without Additives At 

9500C 

Crushing pressure = F/A 

Where A = Area of rectangle 

Thus, a rectangular test tile 4 x 10cm was prepared for test. 

F = gauge reading calibrated in KN 

 

Crushing Pressure for samples 

A = 40N,  A = 4 x 10cm = 40cm2 = 0.004m2 

 P = F/A =   = 1025MPa 

B = 45N,  B = 4 x 10cm = 40cm2 = 0.004m2 

 P = F/A =   = 8.75MPa 

C = 35N,  B = 4 x 10cm = 40cm2 = 0.004m2 

 P = F/A =   = 8.75MPa 

D = 37N,  B = 4 x 10cm = 40cm2 = 0.004m2 

 P = F/A =   = 9.25MPa 
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At 1050*C 

A = 50N,  A = 4 x 10cm = 40cm2 = 0.004m2 

 P = F/A =   = 12.5MPa 

B = 45N,  B = 4 x 10cm = 40cm2 = 0.004m2 

 P = F/A =   = 11.25MPa 

C = 44N,  B = 4 x 10cm = 40cm2 = 0.004m2 

 P = F/A =   = 11.00MPa 

D = 48N,  B = 4 x 10cm = 40cm2 = 0.004m2 

 P = F/A =   = 12.00MPa 

At 11500C 

B = 55N,  B = 4 x 10cm = 40cm2 = 0.004m2 

 P = F/A =   = 13.5MPa 

 

C = 54N,  B = 4 x 10cm = 40cm2 = 0.004m2 

 P = F/A =   = 13.5MPa 

 

Table For Textile Without Additives 

 Crushing strength for Samples 

Temperature  A (MPa) B (MPa) C (MPa) D (MPa) 

950 10 8.75 8.7 9.25 

1050 12.5 11.25 11.25 12.0 

1150 - 13.75 13.50 - 
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4.4  Discussion 

From the result of the physical tests of the samples, the four 

clays processed and utilized for tiles production show that they 

could be used tremendously in the ceramics industries.  

Unwana, Okigwe and Nsu clay could be used for floor tiles 

but Ekebedi is the best among them since it has lower water 

absorption rate and maintains high compressive strength when 

tested. Unwana and Okigwe, because their colour could be used 

for tiles, bricks, and sewage pipe for drainage. Nsu has a 

characteristic (low shrinkage rate) that could make it suitable for 

manufacture of ceramic table wares, sanitary wares, 

and other porcelain products.  

From ceramic clays, drying shrinkage is very important. It is 

desirable in pottery bodies because it allows formed articles to 

shrink away from the plaster mould and makes it‘s removal easy.  

Clay in general shrinks when fired because the pore space 

gradually becomes filled with molten material which on cooling 

solidifies to form a glass. 
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4.5 Result of Chemical Analysis 

Table 4.14 

Parameter A% B% C% D% 

LOI 10.0 8 9 11 

SiO2 52.24 58.53 58.16 53.00 

Al2O3 27.20 28.53 28.03 27.40 

Fe2O3 7.00 1.41 1.89 6.56 

TiO2 1.52 1.12 0.82 1.31 

CaO 0.14 0.28 0.18 0.17 

MgO 0.04 0.08 0.03 0.08 

Na2O 0.54 0.03 0.029 0.45 

K2O 0.54 0.33 0.29 0.45 

TOTAL 99.22 97.81 99.08 99.97 

 

4.6 Discussion on Chemical Composition 

 The limit of permissible error is usually taken to be ± 0.5% if 

(lie analysis falls below 99.50% a qualitative examination must be 

made to identify the constituents which have escaped 

determination on the normal course of quantitative work whereas 

a total in excess of 100.50% generally necessitates a repetition of 

the analysis (http:en.wikipedia.orgl/wiki/compressive strength). 

Wet classical method of chemical analysis was used in this 

determination. 
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Discussion on LOI (Loss on Ignition) 

The Loss on Ignition results include the loss in weight due to 

the expelled water of combinations. 

A12O3.2SiO22H2O  A12O3.2SiO2 + 2H2O 

The loss on ignition also includes conversion of carbonate to 

oxides and sulphate to calcium oxides and sulphur trioxide as 

shown. 

CaCO3   CaO + CO2  

CaSO4   CaO + SO3 

 There were also losses due to combustion of carbon and 

organic matters. 

In silica determination fusion by flux mixture sodium 

carbonate and borax ensures that all the silica present was 

converted to sodium silica and metallic oxides. Sodium silica was 

decomposed with liberation of silica acid. 

Na2SiO2 + 2HCl    2NaCl + H2SiO3 

 Silicic acid was approximately soluble in dilute mineral acid, 

so the solution was evaporated to dryness to expel the excess of 

acid and dry the residue was baked at 12°C to achieve partial 

dehydration of silicic acid and thereby reduces its solubility during 

the evaporation to dryness, some of the metallic chlorides were 
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hydrolyzed A1Cl3+3H2O = A1(OH)3 + 3HCI. After baking, the 

residue was moistened with HC1 to reconvert the insoluble 

hydroxide into soluble chlorides. The silicic acid was converted to 

silica thus  

 H2SiO3 = H2O + SiO2 

 The silica was always contaminated with traces of Al, Fe and 

Ti oxide, After weighing, three drops of H2SO4 were added to the 

residue followed by excess of HF which was subsequently convert 

all the oxides to flourides. On evaporation to dryness the silica was 

volatilized as silicon tetrafluoxide. 

SiO2 + 4HF = SiF4 + H2O 

The metallic fluorides are converted into sulphates by 

sulphuric acid  

TiF4+ 2H2SO4 = Ti(SO4)2 + 4Hf 

On ignition, the sulphates decomposed to give back the 

original oxides 

S(SO4)2 TiO2 + 2SO2 + O2 

 The silica content of the four clays ranged from (52.24-

58.63%) these fell within the specification of ball clays suitable for 

ceramic production. Materials like building bricks, and sewage 

pipes could be produced with B and C clay while other pottery 
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production could be made with A and B. Iron content of clay 

determines the vitrification level of any clay. So B and C could be 

utilized for production of fire bricks. 

Iron content of A is 7.00%. This was appreciably high, hence 

the clay was brown coloured. The colours of most clay mineral is 

determined by the Iron and titanium contents that was responsible 

for the low melting temperature of Unwana clay during firing-

below 1100°C.  

The iron content of Unwana clay is 7.00% and Okigwe clay 

is 6.56. This was appreciably high, hence the clays was brown 

coloured. The colours of most clay mineral is determined by the 

iron and titanium contents that was responsible for the low 

melting temperature of Unwana and Okigwe clay during firing-

below 1000°C. 

On adding thioglycollic acid to a very dilute amoniacal 

solution of ferric salt the iron was first reduced and then formed a 

complex with reagent the colour of which varies from pink to 

reddish purple depending on the amount of iron present and under 

standard conditions the intensity of the coloration is directly 

proportional to the iron content in the sample. The iron content in 

Ekebedi and Nsu were 1.14 and 1.89 percent respectively. These 
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were determined calorimetrically; more accurate results are 

obtained using spectrophometer at a wave length of 4200 A and 

with 2% are determined volumetrically. 

The result showed that Unwana contained 1.08% of both 

K2O and Na2O, Okigwe contaihed 0.53 of both K2O and Na2O. This 

accounted for low fusibility of this clay (960°C). The alkali oxides 

of Ekebedi and Nsu were less hence their higher melting 

temperature 1100°C. It was observed that the higher the 

percentage of the alkali oxide in clay, the less refractoriness of the 

clay. Clays with little or no alkali oxide use for the manufacture of 

refractory bricks. % potassium oxide was calculated as 0.54% for 

the Unwana and 0.54% sodium oxide, % potassium oxide was 

calculated as 0.45% for the Okigwe and 0.8% of Na2O. While 

those of Ekebedi and Nsu were K2O = 0.03% Na2O = 0.33 for 

Ekebedi and K2O = 0.03 NaO = 0.29 for Nsu. 

The sodium oxide was determined by difference as indicated 

above.  

The potassium oxide value for Unwana was 0.54 and those 

for Ekebedi and Nsu were 0.54 and those for Ekededi and Nsu 

were 0.33 and 0.29 and Okigwe 0.45 percent respectively. The 

chlorides were converted to perchlorate by evaporating to dryness 
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with perchlorate acid NaCI + KCI + 2HClO4 = NaClO4 + KClO4 + 

2HCl. 

On adding theoglicolic acid to a very dilute maniacal solution 

or ferric salt the iron was first reduced and then formed a complex 

with reagent the colour of which varies from pink t reddish purple 

depending on the amount of Iron present and under standard 

condition the intensity of the sodium perchlorate is readily soluble 

in alcohol whereas the potassium perchlorate was filtered off 

washed with alcohol. Dried and weighed. The weight of the mixed 

chlorides and the weight of potassium perchlorate formed from 

them gave the necessary data for which the individual weight of 

the alkali oxides was calculated. 

The alkali oxides iii clay are usually present as feldspars 

Na2OA12O36SiO2 when an intimate mixture of clay with Ammoniutn 

chloride and calcium carbonate is of potassium perchlorate formed 

from them gave the necessary data from which the individual 

weight of the alkali oxides were calculated. 

The alkali oxides in a clay are usually present as feldspars 

when an intimate mixture of clay with ammionium chloride and 

calcium carbonate is sintered, the alkali oxides are quantitatively 

converted into water- soluble compounds (20). The mechanism of 
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this process is not fully understood but the reaction may be 

presented as 

CaCO3 + 2NHCI = CaCI2 + (NH4)2CO3 

Feldspar K2O A12O3 6SiO + CaCl = 2KCI + CaO. A12O3 2SiO2 + 

4SiO2 

An excess of calcium carbonate is used to prevent the 

mixture from forming a fused mass which cannot be extracted on 

heating. 

After sintering, the mass is leached with water and the 

insoluble residue filtered off after standing and filtering, the filtrate 

is evaporated to dryness and ignited. The weight of the residue 

gives the total weight of sodium and potassium chlorides formed 

from the alkali oxides present in the sample.  
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CHAPTER FIVE 

5.0  CONCLUSION AND RECOMMENDATION 

5.1  Conclusion 

In the present work, study of the properties of some local 

clays  for the production of floor tile were done. From the results 

obtained, it can be therefore be concluded that the compressive 

strength increases with rising of sintering temperature with 

decreasing porosity. Low sintering temperature increases porosity.  

The results of these experiments therefore suggested that 

sample B has the highest strength (compressive) with lowest 

porosity status. These makes the above sample the most suitable 

clay for the tile production. 

5.2  Recommendations 

In the spirit of self reliance and the national call for 

exploitation of local sources of raw materials for our industries, the 

results of the present study will encourage industrialist in Nigeria 

to take advantage of the cheap and abundantly available local raw 

material (clay, additives) in the tile production and other ceramics 

product that could be produced with these tiles. Tiles importation 

is not only very expensive but its continued importation will 

contribute to further drain on our external reserve; from the 
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foregoing, one can acknowledge the enormous advantages 

inherent in the use of sample B in the floor tile production against 

the use of other samples. It is recommended also that sample B 

can be used in a refractory production since it has high A12O3 

content which determines the refractories of‘ a material. 

It is also recommended that further complimentary work 

should be done to establish the effects of sample Unwana, or Nsu, 

and Okigwe replacing Ekebedi on suitability, compressive strength, 

porosity. This will provide a holistic picture of the value of floor tile 

production in industries. 

It is of big interest to note that higher compressive strength 

of the test tiles favour its usage for floor tiles. Tile is expected to 

have high compressive strength. 

Since people will be walking on the tiles when it is applied on 

the floor, it must have ability to resist compression. The absorption 

factor is another factor that is important to determine the 

possibility of using particular clay for the tile. The low porosity of a 

tile makes it suitable for floor tile production. 

From the chemical .test and physical test conducted, it is 

confirmed that Ekebedi is suitable for floor tile production. It is 

worth knowing that the future of Nigeria depends on our ability to 
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harness and utilize these natural resources effectively and 

economically for industrial tile production. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



100 

REFERENCES 

 
Abdrakhimova, D. V., Abdrakhimova, E S., and Abdrakhimova, V.Z.  

(1999) ―Sintering quality of clay materials‖ Journal of glass 

and ceramics. Vol 56, No. 5-6. 

 

Adejoke, O.S. Adediran, S.A. and Elueze, A.A. (1989). Guide to the  

non Metallic Mineral Industrial Potentials of Nigeria: by the 

Raw Materials Research and Development Council, Lagos, pp 

(30-3 1). 

 

Art 186—Introduction to Ceramics. (n.d). Types of clays.  

Geolbgical origins, working properties. Retrieved February, 

17 2009. http://seco.glendale.edu/ceramics/clay.html.  

 

ASTM C 648 (1998). ―Choosing the right tile‖ Panaria Porcellanato  

ceramic. p. 45. 

 

Avery, B.W. Bass Comb C.L. (1974) ―Soil Survey Laboratoiy  

Methods‖ Soil Survey Technical Monography No. 6, 8 

Rotharnsted Experimental Station Harperden U.K. 

 

Baker, G.J. and Trugo, H. (1942) Method of Determining pH of ball  

clays A. ceramics. Society. 21, 263. 

 

Benneth, H. (1974) Fifth Conference in Silica Analysis by British  

Ceramics Research Association pp (8-9) 

 

Bennington, S. M. (2009) ―The use of neutron scattering in the  

study of ceramics‖ Journal of Material Science. 

 

 

http://seco.glendale.edu/ceramics/clay.html


101 

Chemistry Dept. Pub. (1951) Ceramics Analysis. The Identification  

and Evaluation of Potters Material and the analysis of clays 

sixth edition. Revised and enlarge chemistry Department 

North Staffordshire Polytechnic, Stoke-on-trent England 

 

Clay minera,Is. In Wikipedia  the free encyclopedia (2009) http//  

en:wikipedia.org/wiki/clayminerals. Accessed October, 20. 

 
Compressive strength. In Wikipedia  the free encyclopedia  

(2010) http:en.wikipedia.org//wiki/compressive strength. 

Accessed January, 18. 

 

Fromme, R. (1994) Glaze and clay tutorial-2: Basic notes on clays  

and clay bodies. Retrieved February, 17 2010. 

http://www.cavemanchemistry.corn/oldcave/projects/ 

pottery/basic clays.html.  

 
Grim, RE. (1958) Clay Mineralogy in USA Ceramics section 9,77,  

(311). 

 

Grirnshaw, R.W. (1974) ―Thermal Analysis Methods‖ Transaction  

of Britain Ceramics Society Section 44. P. 76. 

 
Guggenheim, Stephen; Martin, R.T. (1995) Clays and Clay Minerals  

http://www.clays.org/journal/archive/volume%2043/43-2-

255.pdf. 

 
Idenyi,N. E , (2002) ―Nonmetallic Materials‖, 1st edition, Strait  

gate Communication. P. 8. Enugu. 

 

Ikele, U. S. (2010), Effect of Deflocculant (Na2O3) on Rheological  

Properties of some Nigeria Clays. M.Eng Thesis, FUTO 

Nigeria. 

http://www.cavemanchemistry.corn/oldcave/projects/%20pottery/basic%20clays.html
http://www.cavemanchemistry.corn/oldcave/projects/%20pottery/basic%20clays.html
http://www.clays.org/journal/archive/volume%2043/43-2-255.pdf
http://www.clays.org/journal/archive/volume%2043/43-2-255.pdf


102 

Keeling, P. S. (1958) 6th International Ceramic Congress.  

Wiesbaden Euro-Ceramic Vol. 8 No. 10P. 260. 

 

Krasnyi, B. L., Tarasovskill, V. P. and Krasnyi, A.B. (2010) ―Use of  

new ceramic and refractory materials; an important factor in 

improving the economic and energy efficiency of enterprise‖ 

Journal of Refractories and Industrial Ceramics. Vol. 56, No. 

8, Pp. 10-22, 

 

Mikhalev, V. V. and Vlasov A.S. (2007). ―Properties of clay for  

manufacturing sanitary ware‖ Journal of Glasses and 

Ceramics. Vol. 64, No. 3-4. 

 

Nahim, P.G. (1952) Infared Analysis of Clays and some Associated  

Minerals. Ceramics Age 60(3), pp 32.  

 

Odewale I.O. (2004) Unpublished Clay Minerals pp 3, 4. 

 

Okorafor O.E. (2008) Introduction to Engineering Materials: Their  

nature and application. MC Computers Press. pp 260. 

 

Parmelee, C.W., Freechette V.D (1942) I-Teat of Wetting of  

Unfired and Fired Clays: Journal of American Ceramics 

Society. Section 25(4) pp 108. 

 

Rado, P. (1988) An Introduction to the Technology of Pottery 2uid  

edition pp. 123 Institute of Ceramic London. 

 

Rhodes, D, (1973) clays and glazes for potters 2d edition, Pitman  

Publishers New Zealand Ltd, Wellington. Pp. 2. 

 

 



103 

Ruessele, R. (JR) (1953) Effect of Thermal Process on Physical  

Properties in structural clay products. Bulletin A. Ceramic. 

Society section 36(1). 

 

Ryan, W. (1978) properties of ceramic raw materials 21 edition  

Pergarnon Press Ltd. Wellington Hill. England pp (43-44) PP 

98. 

 

Salehi, M. and Salem, A. (2008) ―The effect of sintering  

temperature on reliability of extruded ceramic rasching ring‖ 

Journal of Ceramic Processing Research Vol.9 No 2, Pp. 167-

17 1. 

 

Singer, F. and Singer, S. (1963) Industrial Ceramics Chapman and  

1-lall Ltd London pp, 297, pp, 64. 

 

Sysa, O.K., Evtushenko, E. I., Starodubtseva, O.V. (2010)  

―Estimating the degree of performance of the crystalline 

structure of kaolin‖ Journal of Refractories and Industrial 

Ceramics. Vol. 54, No. 4: Pp. 79-81. 

 

Thougson, (1951) Identification and Evaluation of Pothers  

Materials and the Analysis of Clays 6th edition pp 30-40. 

 

Worral, W.E. (1986) Clays and Ceramic Raw Materials. 2 e1ilion,  

Elsevier Applied Science Publishing London pp 3- 4, pp 30-

31, pp36- 38. 

 

Yoshimura, M. and Byrappa, K. (2008) ―Hydrothermal Processing  

of Materials, past, present and future‖ Journal of Novel 

Routes of Advanced Materials Processing and Application. 

Vol. 43, No. 7, pp 2083-2084. 


