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Abstract  
In this study feldspar and quartz from Itapke, Kogi state, kaolin from Kankara, Katsina State, and 
imported bentonite were used. The raw materials were analyzed by means of x-ray fluorescence 
spectrometer (XRF). Porcelain body was formulated using triaxial blend system. The sample with 
composition of 43% kaolin, 2% bentonite, 40% feldspar and 15% quartz was found suitable for 
casting a one gallon porcelain jar mill with a size of 170mm diameter × 250mm height. The sample 
was found to possess the following properties. (1) modulus of rupture (MOR) that has a breaking 
load of 538.28 kgf/cm

2
 (2) water absorption rate of 0.3%, (3) hardness of 6 on the Moh’s scale when 

scratched, and (4) fired shrinkage of 13%. The efficiency of this porcelain jar mill was investigated by 
milling some ceramic materials in the jar mill. It was concluded that the porcelain jar mill developed 
by this research using some indigenously sourced materials was successful.  
 
 
 
Introduction 
The ceramic industry has played a great role 
in the advancement of mankind. Ceramic 
industries are created to serve certain 
immediate and long term needs within a given 
society (Alkali, 2003). A synthesis of literature 
on ceramic industries in Nigeria revealed a 
paradigm of failure and retrogression (Fatuyi 
and Ologunwa 2011). Anudu,(2014) opined 
that the lack of industries to process raw 
materials needed for production of ceramics in 
the nation has hampered the growth of 
indigenous ceramic industries. Any nation 
agitating for technological advancement and 
self-reliance must understand the basic fact 
that technology is largely about ideas not 
finished products, and the most vital thing to 
do is to build a stable institutional framework 
that reinforces the acquisition of ideas about 
technology (Goroh, 2013).  
 
According to Sullayman, (2010) absolute 
limitation to the study, practice and research 
on traditional pottery alone would have no 
doubt slowed down, if not stagnate the 
development of ceramic engineering and 
technology. This study therefore, intends to 

utilize indigenous ceramic raw materials for 
the production of porcelain jar mill in Nigeria. 
This will help in conserving the economy by 
improving and developing intermediate 
technology. 
 
Studies have shown that Nigeria has a 
significant amount of inorganic and non 
metallic raw materials (RMRDC, 2010). In 
spite of the availability of abundant raw 
materials for the production of porcelain 
products in Nigeria, the country continues to 
import porcelain products, such as porcelain 
jar mills, etcetera. According to Alkali (2003) 
when local raw materials are explored and 
exploited, it can spur industrial development 
and self-reliance, thus maximizing the use of 
local raw materials instead of depending on 
imported ones with its attendant adverse 
effects on the national economy. The 
processing aspect of ceramic raw materials 
has been a major challenge faced by potters 
and ceramic industries in Nigeria. Processing 
equipment such as Porcelain jar mill and other 
equipment are not even available in most 
ceramic studios and cottage ceramic 
industries across the country.  
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Jar mills are important equipment for grinding 
and mixing ceramic hard non plastic materials 
much more easily and to a finer consistency 
than can possibly be done by hand or with a 
mortar and pestle. Pitelka (2007) in Ojie and 
Esosuakpa (2012) referred to ball mill as a 
mechanically revolving vessel in which 
ceramic materials can be placed along with 
water and flint pebbles or high fired porcelain 
slug used for fine grinding of clay and glaze 
materials. The focus of this research 
therefore, is to exploit some ceramic raw 
materials in Nigeria for the formulation of 
porcelain body and glaze that can be used for 
the production of porcelain jar mill. At present 
there is no available information to the 
researcher about any earlier attempt to 
produce porcelain jar in the country. This 
research under investigation will therefore 
evaluate the possibilities of producing 
porcelain jar mill in Nigeria. 
 
Materials and Methods 
The research was carried out at the 
department of industrial design (Ceramic 
section) Ahmadu Bello University, Zaria. The 
materials used in this research comprised of 
kaolin from Kankara in Katsina state, quartz 
and feldspar from Itakpe in Kogi State, 
bentonite (imported) bought from a chemical 
store in Zaria.  In order to processing feldspar 
and quartz was each soaked in water and its 
surface impurities washed off. Each was 
calcined at bisque temperature (900°C), and 
they were hand crushed with hammer, they 
were crushed using jaw crusher, and were 
ball milled at the Department of Chemical 
Engineering, Ahmadu Bello University, Zaria. 
It was sieved using a 200 mesh (74 µm), the 
kaolin was beneficiated by soaking in a 
container for two days. This was followed by 
mixing thoroughly afterwards, it was sieved 
using a 200 mesh (74 µm), the slurry was 
dewatered in plaster mould. After the water 
was removed it was allowed to dry.  
 
Testing the chemical composition of different 
materials used in ceramic production is 
important because these materials have great 
influence on the behaviour and final properties 
of the fired product, King (2002) in Opoku 
(2013). In this regard, some raw materials that 
were used as samples for this study were 
analyzed using X-ray Fluorescence 
Spectrophotometer (XRF). The test was 
carried out at the Nigerian Geological Survey 

Agency, National Geosciences Research 
Laboratory, (NGRL) Kaduna. 
 
The porcelain body was formulated using a 36 
member triaxial blend test. The thirty six 
member blend test is a combination of three 
samples, this implies that the square at the 
top labeled “A”contains 80% feldspar, 10% 
kaolin and 10% quartz The square at bottom 
right hand corner labeled “B” contains 80% 
kaolin, 10% quartz and 10% feldspar while the 
bottom right hand corner labeled “C” contains 
80% quartz, 10% kaolin and 10% feldspar the 
remaining squares within the blend contains 
different proportion of three materials used in 
this experiment. Table 1 shows the 
distribution of materials in the triaxial blend 
based on Okoruwa (1986) in Zauro (2010). 
 
According to Zauro (2010) kaolin being a less 
plastic material in the triaxial blend could not 
enhance sufficient plasticity in the blend 
formulated therefore; in order to enhance 
plasticity Conrad (1981) used 2% bentonite in 
the porcelain body formulations as plasticizer. 
From these blend of thirty six, some bodies 
suitable for the production of porcelain were 
selected and adjusted with the addition 2% 
bentonite for this research work. The selected 
bodies are as presented in Table 1.  
 
The selected bodies were further readjusted 
with 2% bentonite addition and modified base 
on the works of Conrad (1981), Okoruwa 
(1986), Kashim (2004) and Zauro (2010), 
(See Table 2)    A sketch of the model was 
developed with the aid of computer aided 
design. To achieve a true cylinder a shape 
with equal diameter was adopted and 
developed into the model, the adoption of clay 
and a cylindrical shape was held because 
porcelain jar mill must be a true cylinder or it 
would not rotate without jumping on the rack. 
(Hansen 2008). 
 
After the completion of the model, seam line 
was marked on the model. The model was 
placed on a flat table and a retention wall 
(cuttle) was built round the four sides of the 
model in order to prevent plaster water 
solution or viscous plaster from overflowing, 
on pouring on the model. Mould separation 
Lubricant was applied on the model to aid the 
separation of the model from the plaster 
mould after making the mould casting. Plaster 
of Paris was used to create the plaster mould, 
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by mixing the right quantity of plaster 
thoroughly with the right quantity of water to 
get the required consistency needed for 
making the mould. Water plaster ratio of 
100:130 was used, as suggested by 
(Sullayman 1991). 
 
All the materials selected in the body 
composition were mixed thoroughly in a 
bucket and then allowed to age for three days. 
The specific gravity and viscosity of the slip 
were measured to determine its 
appropriateness before it was poured into the 
plaster mould and allowed to form a thick 
layer.  Jar mills need to be thick to withstand 
the stress of use Hansen (2008). To support 
this Sutherland (2005) opines that the wall 
thickness must be adequate and greater than 
that of a normal pot. For a small one gallon jar 
mill the wall thickness of 1cm should be 
adequate. To achieve the thickness of 1cm it 
took 10 minutes of casting time before the 
mould was drained. At this point, allowed to 
become leather hard (this process takes 
about one hour) before the cast was being 
taken out of the mould completely. 
 
Drying rate was kept at a minimum to avoid 
cracking. The porcelain jar was dried for 21 
days under room temperature in order to 
remove the moisture content before bisque 
firing. Firing of the porcelain jar produced was 
carried out in two phases. Bisque firing was 
carried out at 1160°C, (cone 04) and 1280°C 
for gloss firing. The firing was carried out in a 
kerosene kiln under oxidized atmosphere. 
Glaze application: Kaolin, quartz, calcium 
carbonate (whiting) and feldspar were used 
for the porcelain glaze, as seen in Table 3. 
 
Property Test Conducted on the Porcelain 
Jar Mill 
Water Absorption Determination Test 
The degree of water absorption is a measure 
of the vitrification of a fired body. According to 
(Indian standard 2011) the test shall be 
carried out on six (6) pieces. The fired test 
piece was weighed, and immersed in water 
and boiled for two hours. The piece was dried 
and the percentage of water absorption was 
determined. 
 
Shrinkage Determination Test 
The percent total linear firing shrinkage was 
determined according to ASTM, 1985a in 
Oladiji, et.al. (2010). The drying shrinkage 

was determined when the test piece was bone 
dry, after the test pieces were fired at 1300°C.  
 
Modulus of Rapture Test  
This test was carried out according to (Indian 
standard 2011) to determine the breaking 
strength of the porcelain body used for the jar 
mill. Modulus of Rapture is the fracture 
strength of a material under a bending load 
and the measurement was made on unglazed 
uniform cylinders approximately 100 mm long 
and 15 ± 1 mm in diameter. The test was 
carried out on six test pieces.  
             
Hardness Test   
The Mohs scale for hardness is a special 
chart that is used to test a mineral’s hardness. 
This scale ranks minerals from 1 to 10. A 
mineral with a greater number can scratch all 
minerals with lesser numbers. For example, 
the mineral topaz is eight on the scale while 
quartz is seven. If a piece of topaz is rubbed 
against a piece of quartz, the topaz will leave 
a scratch on the quartz. To determine the 
hardness of this porcelain jar mill, the body 
used for this study was scratch against quartz 
number seven and feldspar six on the Mohs 
scale of hardness. 
 
Results and Discussion   
The results of chemical analyses on some 
materials for this study are giving in table 7, in 
terms of wt % of the oxides. The result shows 
that Itapke feldspar contains three major 
elements which are SiO2 - 63.60 wt %, Al2O3-
18.40 wt %, K2O-16.92 wt %, and other minor 
oxides. The result classifies this feldspar as a 
potash feldspar. Itapke quartz contains SiO2- 

99.37 wt % with other minor constituent 
elements. Kankara kaolin contains two major 
oxides, SiO2 54.80wt %, Al2O3 31.60wt % and 
other minor constituent elements. 
 
Result of Property Test on the Porcelain Jar Mill 
Water Absorption Test 
The water absorption result of this porcelain 
jar mill obtained was 0.3%. This is in line with 
the Indian standard on specification for 
ceramic grinding media and lining Indian 
standard (2011). 
 
Total Shrinkage 
The result of the total shrinkage of this 
porcelain jar mill determined was 13%. This 
shrinkage level is less than the range of 14-
15% for porcelain body when fired to cone 9 

http://en.wikipedia.org/wiki/Plaster
http://en.wikipedia.org/wiki/Molding_%28process%29
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1260
o
C (2300

o
F).  As prescribed by Zamek 

(2003) and Conrad (1981). The value 
obtained in this study could be due to the fact 
that this porcelain jar mill was fired at 1280

o
C.   

 
Modulus of Rupture 
The breaking load of this porcelain jar mill is 
538.28 kgf/cm

2
. According Indian standard 

(2011) the breaking load of a ceramic grinding 
media shall not be less than 496.0 kgf/cm

2
.  

 
Hardness Test  
This porcelain jar mill has hardness of 6 on 
Moh's scale. This is in line with the Indian 
standard on specification of ceramic grinding 
media and lining Indian standard (2011). 
 
Conclusion 
The results of this study have established that 
suitable Porcelain body and glaze were 
developed using Kankara kaolin, Itapke 

feldspar, Itapke quartz, bentonite and calcium 
carbonate. The raw materials analysed by 
means of X-ray Fluorescence Spectrometer 
(XRF), established that the raw materials 
used for this study are of good quality. The 
porcelain body developed by this study was 
found suitable for casting the jar mill and 
posses some properties required by the 
Indian standard on specifications for ceramic 
grinding media and lining (Indian standard 
2011). The result of the property test carried 
out indicates that the sample posses the 
following properties. (1) Modulus of rupture 
(MOR) that has a breaking load of 538.28 
kgf/cm

2
, (2) water absorption rate of 0.3%, (3) 

hardness of 6 on the Moh’s scale when 
scratched, and (4) fired shrinkage of 13%.  
This research indicates that there is a 
prospect of producing porcelain jar mill using 
some indigenously sourced ceramic raw 
materials in Nigeria. 

 
 

 
                              
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Agbo P.A., Sullayman U.A.A., & Alkali C.V.: Development of Slip Cast Porcelain Jar Mill using Indigenous Ceramic raw Material 

ASHAKWU Journal of Ceramics Vol.13 June 2016 51 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.1: Triaxial Test Blends of 36- Member Materials 
 Source: Okoruwa (1986) in Zauro (2010).  
 

 
 
 
 
 
 

Table 1: The Selected Bodies 

Materials TN 12 TN 13 TN 17 

Kaolin 40 40 30 
Feldspar 40 30 50 
Quartz 20 30 20 

Source: Studio Research, Agbo (2015) 
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Table 2: Body Composition with the addition of 2 % Bentonite 

Materials BC  1 BC  2 BC  3 

Kaolin 43 45 49 
Feldspar 40 28 25 
Quartz 15 25 24 
Bentonite 2 2 2 

Water 50%  wt 50%  wt 50%  wt 

Source: Studio Research, Agbo (2015) 
 
 
 
 
 

Table 3: The Glaze Composition 

Materials    wt % 

Kaolin 14 
Feldspar 40 
Quartz 30 

Calcium carbonate 16 

Source: Studio Research, Agbo (2015) 
 
 
 
 

Results of Chemical Analysis of Quartz, Feldspar and Kaolin  
Table 4: Chemical Composition of the Raw Materials 

Element  Quartz (wt %) Feldspar (wt %) Kaolin (wt %) 

SiO2 99.37 63.60 54.80 
Al2O3 ------ 18.40 31.60 
Fe2O3 0.122 0.306 0.87 
MgO   0.002 
K2O  
CaO 

0.083 
0.243 

16.92 
------ 

0.88 
0.409 

Cr2O3 ------ 0.022 ------ 
MnO 0.013 0.019 0.02 
TiO2 0.019 0.015 0.27 
BaO 0.091 0.083 0.024 
CuO 
NiO 
CeO2 
Nd2O3 
Ga2O3 
GeO2 
SeO2                  --- 
Ag2O 
Vb2O3 
Na2O 
L.O.I         
             

0.013 
0.011 
0.01 
0.016 
------ 
------ 
------ 
------ 
------ 
-------  
------- 

0.018 
0.012 
0.009 
----- 
0.015 
0.019 
0.10 
0.09 
0.01 
------- 
-------                   
 

0.016 
------- 
------- 
------- 
------- 
------- 
------- 
------- 
------- 
------- 
11.09 
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Source: Agbo (2015) 
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