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ABSTRACT 
The main focus of this paper is the production of a white body (tableware) using some ceramic 
raw materials from Kebbi State. However, available records indicate that Kebbi State is 
endowed with mineral resources. Consequently, feldspar, quartz and clay (kaolin and ball clay) 
were obtained for this study. The materials were processed and prepared according to the 
nature of each of the ingredients. Later on a triaxial blend experiment on the 36 number 
compositions comprising of the three materials in different proportions was conducted. From the 
result of the triaxial blend four body compositions that showed some characteristics of white 
body were selected. In order to improve the plasticity of the casting slip, the compositions were 
adjusted and 10% ball clay was added. Casting was achieved successfully and shrinkage as 
well as porosity tests were performed. The result proved that body compositions TN 4, TN 7 and 
TN 11 are suitable for the production of white body.   
 
 
 
Introduction  
According to Gukas (2008) ceramics 
contributes meaningfully to the socio-
economic demand and development of 
families and the entire community because 
ceramic products are being made to serve a 
wide range of human and industrial needs 
like cooking, storage, preservation, 
decoration, construction and so on Cerdew 
(1967) and Kashim (2005) disclose that 
Nigeria is well blessed with ceramic raw 
materials.  
 
In the effort to encourage the utilization of 
local raw materials, the Federal Government 
of Nigeria established agencies like Federal 
Industrial Institute of Research, Oshodi 
(FIIRO) Lagos;  Raw Materials Research 
and Development Council (RMRDC); Small 
and Medium Enterprises Development 
Agency of Nigeria (SMEDAN) and the 
Federal Ministry of Solid Minerals 
Development. Generally, these 
organizations have made contributions in 
various ways to stimulate the use of local 
raw materials.  
 

Kashim (2005) reveals that despite the fact 
that there has been high demand for white 
ware, manufacturers in Nigeria could not 
satisfy the demand.  Currently, Nigeria 
market is overwhelmed with Chinese and 
English whiteware. Examples of whiteware 
are hard porcelain, white earthenware, bone 
china, majolica and the like.  
 
Prior to the discovery of porcelain, the exact 
use of white burning materials were not 
ascertained, however, Zauro (1988) reveals 
that the techniques most of the potters 
adapted in the making of whitebody was the 
use of slip and white glaze coating to cover 
the buff bodies ware.  Potters in the Near 
East and Asia particular Turkey potters used 
this method.  
 
Similarly, the discovery of tin oxide had 
effect on whiteness which eventually gave 
birth to the beautiful majolica ware.  Beside 
the crude form of porcelain and whiteware 
made in Europe, the discovery of Chinese 
porcelain was a noteworthy invention in the 
development of whiteware ceramics. 
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Cooper (1972) and Zauro (1988) agree that 
John Friedrich Bottger from Germany 
developed the first European porcelain in 
1709. But with series of test and experiment, 
Bottger’s formula was improved. No doubt, 
Bottger’s breakthrough formed the basis of 
hard porcelain production in Europe.  
 
Furthermore, Kashim (2005) states that 
research on whiteware especially porcelain 
was successfully conducted in Nigeria.  
Porcelain produced was white, translucent 
and attractive. In white body formulation, 
three major raw materials are involved. 
Okoruwa (1986) and Kashim (2005) 
performed an experimental work into 
porcelain using mainly kaolin, quartz and 
feldspar and these materials are available in 
Nigeria.  
 
Kaolin gives refractoriness, white effect as 
well as workability in the composition. 
Feldspar enhances the fusion of the body 
while quartz helps the body to change into 
strong and hard through firing. Quartz also 
acts as a glass former.  
 
Although, a remarkable achievement was 
documented in the area of whiteware, there 
is still need for an extensive study to further 
examine other raw materials found in 
different parts of the country. Findings from 
additional researches such as this study 
might attract more investors to boost 
manufacturing which would assist to reduce 
importation of ceramic whitewares.  
 
Clarion call and campaign on the 
significance of industrialization and self 
reliance have been strongly pursued by the 
all levels of Government (Federal, State and 
local governments). Ideally, the appeal was 
made to encourage citizens’ participation in 
the activities that might advance the 
economy of the nation.  
 
Kashim (2005) states that the United States 
of America (USA), one of the industrialized 
nations of the world realized “huge amount 
of money” from its ceramic industries. On 
account of this, he opined that Nigeria can 
equally derive economic advantage since it 
has abundant ceramic raw materials. 
Therefore, research into ceramic raw 
materials in Kebbi State to produce white 

body (table ware) is crucial primarily at this 
period of government’s yearning for 
industrial and economic development.  
 
Materials and methodology  
Information about ceramic raw materials 
available in Kebbi State was gathered from 
geological records provided by the Federal 
Ministry of Solid Minerals Development and 
the Raw Materials Research and 
Development Council, Kebbi State. Similarly 
Zauro (2007) identified the location of some 
ceramic raw materials in Kebbi State.   
 
Following this, a field trip was carried out to 
collect the raw materials. Before each 
material was picked, physical appearance 
was taken into account, for instance:  
Kaolin: It appeared white and when mixed 
with water, it became relatively less plastic. 
Kaolin was obtained from a location that 
could be accessed through the Model 
Primary School in Giro town of Suru Local 
Government.  
Ball Clay: First sample exhibited creamy 
effect while the second sample looked dark 
brown. Both samples were separately 
immersed shortly in water and each change 
into relatively plastic state. Creamy clay was 
picked at a location in between the Kebbi 
State Radio station and Goru villages. Birnin 
Kebbi local government. The dark brown 
clay was collected from the potter pit at 
Felande village, Argungu local government. 
Feldspar and Quartz: were collected from a 
location known as Twatsebani area in Bena 
of Danko/Wasagu Local Government. 
Feldspar was picked due to its pinky 
appearance while quartz was considered as 
a result of its glassy and milky reflection. 
 
Zauro (2007) discloses the chemical and 
physical properties of these materials. 
Again, it was observed that the properties 
contained in the materials have concurred 
with the properties found in the ingredients 
used by Gukas (1985) study for the 
formulation of porcelain bodies. Based on 
this, the study upheld the authenticity of the 
materials.  
 
Body Formulation  
Formulation of ceramic body involves the 
combination of several materials.  Normally 
the main constituents used in the 



Zauro T.D.M.: Production of a White Body (Tableware) using some Ceramic Raw materials form Kebbi State 

155 

 

ASHAKWU Journal of Ceramics Vol.9 June 2012 

formulation of ceramic bodies are kaolin, 
quartz and feldspar.  Each of the materials 
has a crucial part to play.  
 
Conventionally, triaxial blend method has 
been applied whenever three materials are 
to be integrated in ceramics.  In fact triaxial 
blend is of great importance in finding out 
variations in body formulation – Kashim 
(2005) reveals that the triaxial blend of 
Barkin Ladi Kaolin, Lokoja feldspar and 
quartz fired above 1300

o
C yielded a white, 

glassified and porcelaneous body.  
 
This study therefore maintains the triaxial 
blend method for the formulation of white 
body as shown below: 
 
The diagram in figure 1, displays the 
distribution of ingredients.  In each of the 
triangle, the top number represent Bena 
feldspar, the middle number is for Giro 
kaolin while the bottom number refers to 
Bena quartz. From the outcome of the 
triaxial blend, four body compositions that 
exhibited some features of whitebody were 
chosen.  
 
The four compositions formed the 
foundation for additional experiments. 
However, kaolin the only plastic component 
could not provide sufficient plasticity needed 
in the body. Goru and Felande ball clays 
were added into the body compositions. 
Rhodes (1989) and Okoruwa (1986) 
suggested the addition of 10% ball clay in 
body composition.  
 
Similarly, 50% of water was used in each 
1000gm of dry ingredients. The proper 
proportion of water is vital in the body 
composition. Cowley (1978) used 50 parts of 
water to every 100 parts by weight of 
material. Consequently, the compositions of 
bodies are shown Table 2.  
 
Slip Casting  
The mixture of 1000g of dry materials was 
weighted and 500gm of water representing 
50% of the dry materials was also 
measured.  The mixture of the different body 
compositions were thoroughly stirred and 
later ball milled separately for 4 hours. 
Okoruwa (1980) encourages the ball milling 

of the slip because it decreases porosity and 
improves translucency. 
 
The ball milled slip was allowed to settle so 
that it could enhance thixotropy of the slip.  
The method of slip casting involves the filling 
of plaster mould with ship.  In this way, a 
shell is formed through the absorption 
provided by plaster.  Therefore, in slip 
casting technique, plaster mould is 
essential. For the purpose of this study, one 
piece and two piece mould made from 
plaster of paris were used to cast samples.  
 
The slip was thoroughly stirred and 
screened through 80 mesh sieve. Later, the 
slip was poured into the mould and in less 
than 15 minutes it quickly formed into the 
mould cavity. The excess slip was drained 
and when the cast shrunk in about 30 
minutes, the top was trimmed. Cast piece 
was released easily from the mould and was 
put aside to dry.  
 
In fact, there was sufficient plasticity in the 
body compositions, thus, indicating that the 
right proportion of ball clay was chosen. 
When fired to about 1300C each body 
matured, fused and produced nicely dense, 
smooth and white body. In addition, 
shrinkage and porosity tests were carried 
out on the bodies.  
 
Results  
Interestingly, result of tests and experiments 
conducted displayed variation of effects (see 
Table 3). The result of the casting of the four 
(4) compositions that displayed some 
characteristics of whitebody selected from 
the triaxial blend are displayed in Table 4. 
Result of the shrinkage and porosity rate of 
the four selected body compositions was 
achieved as stated in Table 5.  
 
Discussion  
The triaxial blend used in this study was the 
mixture of Bena feldspar, Giro Kaolin and 
Bena quartz.  From result of the triaxial 
blend fired to 1300

0
C, different effects were 

accomplished. The gray effect seen on test 
1 – 10 was achieved probably as a result of 
presence of 50% and above of feldspar in 
the various compositions. Similarly, test 11 – 
36 with exception of test 27 – 30 all 
appeared creamy possibly due to the fair 
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distribution of the three materials in the 
compositions. Apparently, test 27 – 30 
showed white effect perhaps because of the 
domination of quartz and kaolin in the 
compositions respectively.  
 
In view of this, four body compositions that 
demonstrated some properties of whitebody 
were considered and selected for further 
experiments. In order to enhance slip with 
requisite plasticity for casting 10% of ball 
clay was added into each of the 
compositions. The addition of ball clay 
necessitated the adjustment of the 
compositions. In the study, defloculants 
were not used and the step was taken 
deliberately as part of the experiment. 
Grema (2004) developed a whitebody in a 
study involving, feldspar and quartz without 
the use of defloculants. The casting was 
prepared accordingly and casting was 
smooth. The shrinkage and porosity tests 
were also carried out for the selected 
bodies.  
 
Specifically, the characteristics of whitebody 
were noticed in the region where kaolin and 
feldspar overwhelmed quartz and the area 
where feldspar and quartz dominate kaolin, 
the sign of whitebody was not clearly seen 
probably due to the small quantity of kaolin. 
However, in the portion where kaolin was 
emphasized over feldspar, it appeared 
refractory, supposedly more feldspar was 
needed to facilitate the melting of such 
compositions. All the four body compositions 
selected (TN 4, TN 5, TN 7 and TN 11) 
proved suitable as whitebodies although TN 
5 has 0.6% insignificant porosity.   
 
Findings  
The following are the findings of the study:  
1. Giro kaolin together with the addition of 
10% ball clay enhanced sufficient plasticity 
required in the slip.  
2. Bena feldspar appeared pink in colour 
and acted well in the composition as a 
fluxing agent as observed in the area where 
feldspar dominated other ingredients. 

Cardew (1969) states that potash feldspar is 
often pink in  colour.   
3. In the triaxial blend, compositions that 
contain more quartz were clearly non-plastic 
but after firing, the test tiles became strong.  
Okoruwu (1986) observes that quartz 
enhances strength to the final ware and it is 
active in  reducing plasticity and 
shrinkage.   
4. Slip casting was performed successfully 
even though there were no doflocculants in 
the slip.  
5. Four selected body compositions from the 
blend of kaolin, feldspar and quartz  were 
found acceptable for the production of white 
body after little adjustments with ball clay 
was made.  
6. The shrinkage rate of the bodies stood at 
3-4 % and 0.0% absorption was recorded 
indicating that none of the bodies was 
porous. In facts it is a remarkable discovery 
since it agrees with Peterson (1992) in 
Grema (2004) recommendation that the rate 
of porosity 0-1% and shrinkage 3-4% are 
desirable.   
7. Samples were fired to 1300

o
C in the 

kerosene kiln, consequently the firing 
produced white, vitrified and hard bodies. 
8. TN 4, TN 7 and TN 11 produce the best 
result.   
 
Conclusion  
The effective utilization of raw materials 
bound in any nation would considerable 
raise the level of its industrial growth. In line 
with this, economic advantages would be 
realized, such as job creation, 
manufacturing of goods for self-reliance and 
exports. 
 
To some extent, the research has 
uncovered the suitability of certain raw 
materials that could serve as the starting 
point for the production of white ware in 
Kebbi state. Moreso, the study might form 
the basis that would in no small measure 
help future researchers in their effort for 
further studies.  
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Fig. 1: Distribution of Material in the Triaxial Blend  
 
 
 
 
Table 1: Composition of Selected Bodies  

 
Test No. 

Compositions (%) 

Feldspar (BN)  Kaolin (GR)  Quartz (BN)  

TN 4GR 
TN 5GR 
TN 7GR 
TN 11GR 

60 
60 
50 
40 

30 
20 
40 
50 

10 
20 
10 
10 

 
 
Table 2: Composition of Selected Bodies  

 
Materials  

Bodies 

TN4(GR) 
(g) 

TN5(GR) 
(g) 

TN7(GR) 
(g) 

TN11(GR) 
(g) 

Feldspar  
Kaolin  
Quartz  
Ball clay:  
B / Kebbi  
Felande Water 

500 
300 
100 
- 
100 
500 

300 
350 
250 
50 
50 
500 

300 
400 
200 
- 
100 
500 

350 
400 
150 
50 
50 
500 

Bena Quartz  

Bena Feldspar  

Giro  Kaolin  
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Table 3: Triaxial Blend (the result of a triaxial blend of Bena feldspar, Giro Kaolin and Bena 
quartz ) 
 

Test No. Raw colour  Fired colour  

1 White  Gray (deep) 

2-6 white  Gray  (medium  

7-8 White  Gray (light)  

9-10 White  Gray (medium)  

11-20  White  Creamy (light)  

21 White  Cream (brownish) 

22-26 White cream  Cream (light brown)  

27-30 White  White (milky)  

31-34 White  Cream (medium)  

35 White  Cream (light reddish)  

36 White  Cream (reddish) 

  
 
Table 4: Casting performance  

Test No.  Slip Moisture 
Colour 

Slip 
character  

Condition of slip in the 
mould   

Cast Dry  
Colour  

Glost 
Firing   

TN4GR Grayish 
cream  

Cast   No crack and slow 
release 

Cream   Fused   

TN5GR Grayish 
cream 

Cast No crack and slow release  Cream   Fused 

TN7GR Grayish 
cream 

Cast No crack and slow release Cream   Fused 

TN11GR Grayish 
cream 

cast No crack and released 
well 

Cream   Fused 
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Shrinkage and Porosity  
Table 5: Result of shrinkage and porosity tests 

 
Body Test Number 
(TN) 

 
Total Rate (%) 
 

Shrinkage Porosity 

TN4  3.0  0 

TN 5  4.0 0.6 

TN 7  3.0   0 

TN 11 3.0   0 
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