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__________________________________________________________________________________________ 

Abstract: Vimtim - Mubi clay situated in Mubi – North Local Government, Adamawa state of Nigeria was 

evaluated for Oven production. The physical properties analysis indicates that: refractoriness 1300oC, bulk 

density 2.39kg/m3, apparent porosity 13.7%, firing shrinkage moisture content 9.6, loss on ignition 4%, thermal 

shock resistance 8 cycles and cold crushing strength 253kg/cm3. Similarly, evaluation of the chemical properties 

revealed that: aluminum oxide (Al2O3) 18.1%, Silicon Oxide (siO3) 67.70%, Iron II Oxide (Fe2O3) 5.986%, 

Magnesium Oxide (Mgo) 0.119%, potassium oxide (K2O) 4.98%, Calcium oxide (CaO) 1.33%, Titanium oxide 

(T102)0.906%, zinc oxide ( Zno) 0.194%, Vanadium penta oxide (V2O5 ) 0.043%, copper oxide (CuO) 0.010%. 

Thus the clay form the Vimtim-Mubi clay has been analyzed and found suitable for oven production.  
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__________________________________________________________________________________________ 

 

I. INTRODUCTION 

Clay is a natural occurring material composed primary of fine grained minerals, which show plasticity through a 

variable range of water content, and which can be hardened when dried or fired. Clay deposits are mostly 

composed of clay minerals which impact plasticity and hardened. Clay minerals are typically formed over long 

period of time by the gradual chemical weathering of rock, low concentrations of carbonic acid, hydrothermal 

activities and other diluted solvent [1]. Clay deposits may also be formed in a place as residual deposits, but 

thick deposit usually are formed as a result of a secondary sedimentation and transported from their original 

location of formation [2]. 

Kaolin is pure clay which serves as standards to other clay for glazes rich in minerals and serves as a source of 

silicon oxide (Si02) and aluminum oxide (Al203). Kaolin is an important ingredient in high-fire white ware and 

porcelain. Major deposits are found in south-east U. S. A, north Carolina-residual type, but none can be 

considered plastic like ball clay [3]. 

Refractory clays exhibit a range of high melting temperatures, which make them useful wherever high 

temperature application exist. Refractory clay must have good crushing strength, exhibit minimum shrinkage, 

low porosity and high melting temperatures.  Clays suitable as refractory clay include Kaolin, flint clay, plastic 

fire clay, ball clay, and various calcined minerals, such as bauxite [3]. 

Clay oven a hollow, domed shape structure constructed out of a clay and sand used for the purpose of bakery 

and roasting of food. It has a bricks floor and usually a chimney. Most clay oven is an outdoor building and may 

or may not be covered with a simple roof structure. The beauty of a clay oven is that it uses mostly natural, 

recycled, or free materials.  

Ovens used by cultures that lived in the Indus valley and in pre-dynastic Egypt by 3200BC, had an oven in 

settlements across the Indus valley. Ovens were used to cook food and to make bricks. Pre-dynastic civilization 

in Egypt used kilns around 4000- 5000BC to make pottery.  

Culinary historian credit the Greeks for developing bread baking into an art, front –loaded bread oven were 

developed in ancient Greece, the Greeks created a wide variety of dough, loaf shapes, and styles of serving 

bread with other foods. Baking developed as a trade and profession as bread increasingly was prepared outside 

of the family home by specially trained workers to be sold to the public. This is one of the oldest forms of 

professional food processing.  

The model mineralogical composition of silicate mud rock were 60% clay minerals, 30% quarz and chert, 50% 

feldspar, 4% carbonates and19 Iron oxide. There is a general increase in the predominance of clay minerals in 

sedimentary rocks with decreasing grain Size [4]. However it needs to be stressed that whilst clay mineral are 

usually significant. If not predominant phases in clay materials, other mineral phase are usually present in 

varying amount and can significantly affect the properties and behavior of the clay oven.  

Earthen oven is a pit dug into the ground and then heated usually by rocks or smoldering debris which has been 

used by many cultures for cooking characterized by long cooking times [5].  
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Ceramic oven is an oven constructed of clay or any other ceramic materials and takes different forms depending 

on the culture. The Indians refer to it as a tandoor, and use it for cooking and dated back as far as 3,000Bc [6].  

Bricks ovens are also another ceramic type oven, a culture most notable for the use of bricks ovens is Italy and it 

intimate history with pizza and the Roman times where bricks oven was used not only for commercial use but 

household uses as well [7]. 

Microwave oven uses micro radiation waves as a source of heat in order to cook food as opposed to a fire 

source. Conceptualized in 1946, Dr. Perry Spencer allegedly clay surfaces and inter layers comprises 

electrochemically bound water clay bound water (CBW) which varies in volume according to the clay-type, and 

the salinity of the formation water. The most common definition of effective porosity for sandstone excludes 

CBW as part of the porosity, whereas CBW is included as part of total porosity [8]; [9]. 

 

II. MATERIALS AND METHOD 

The clay soil was collected from vintim area in Mubi north local Government of Adamawa State. The clay 

sample collected from the deposit was soaked in water such that deleterious particles were separated by gravity 

sedimentation. Thereafter, the clay sample was sun dried for three days, placed in an oven and further dried for 

three days, then placed inside the oven and further dried for eight hours at a temperature of 50oC. The dried clay 

was finally crushed down to smaller sizes and subsequently grounded to finer size using the laboratory crusher 

and ball mils respectively. It was sieved and moulded into cylindrical, rectangular, and circular shapes 

depending on the type of test to be carried out on the parent property clay without additives. 

 

III. DETERMINATION OF CHEMICAL PROPERTIES 

Minipal 4 versions in use is PW 4030 X-ray spectrometer which is an energy dispersive micro-processor 

controlled analytical instrument designed for the detection and measurement of element in the sample solids, 

powders, and liquids from sodium to uranium. The sample for the analysis is weight and grounded in an agate 

mortar and a binder (PVC dissolved in toluene) is added to the sample carefully mixed and pressed in a 

hydraulic press into a pellet. The pellet is loaded in the sample chamber of the spectrometer and voltage 30kv 

maximum and a current 91MA maximum is applied to make the X-ray excites the sample for a preset time 

(10min in the cases). The spectrum from the sample is now analyzed to determine the concentration of the 

element in the sample [10].      

 

IV. DETERMINATION OF PHYSICAL PROPERTIES 

Determination of Moisture Content  

The container was cleaned, dried and weighed as w1, the sample specimen was put in a container and weighed, 

W2, the container was kept in the oven with lid removed and dried at a constant temperature between 1050oC – 

1100oC. Then the final constant weight W3 of the container with the dried clay sample was recorded. The 

procedure was repeated for three other samples and the average parentage water moisture content was obtained 

as below [11]. 
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 Where W1 = Weight of empty container  

 W2 = Weight of container and soil sample  

 W3 = Fired Weight of soil sample and container. 

 

Determination of Apparent Porosity of the Clay Sample  

The clay sample was cleaned from any dust or loose particles adhering to it surface. The specimen was dried in 

an oven 100oC to a constant weight. This weight was recorded as D. the dried specimen was suspended in 

distilled water such that the specimen does not touch the bottom or side of the container. It was boiled for two 

hours while still suspended in water, cooled to room temperature and it weight was measured as S. The 

specimen was removed from the water and extra water wiped off it surface by lightly blotting with wet towel, 

the sample was then weighed in air and found to be W. The procedure was repeated for three other samples and 

average percentage porosity was calculated as below [3]. 
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Where P = Porosity, W= Weight of Sample in air and  

  S = Weight of heated soil sample  

 D = Constant weight of the sample when heated at 100oC 
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Determination of Bulk Density of the Clay Sample 

The soil sample was weighed in air using spring balance, and recorded as Wa. The sample was again weighed in 

mercury and recorded as Wm. The same procedure was repeated for other three soil sample and the average 

bulk density was evaluated as follows [12]. 

MercuryofDensity
Wm

Wa
densityBulk   

Where Wa = Weight of soil sample in air  

  Wm = Weight of soil sample in mercury  

Determination of Loss on Ignition of the Clay Sample  

The soil sample was weighed as Wb. The samples was transferred into the furnace and fired up to a temperature 

of 100oC for about 2 hours. The sample was removed and allowed to cool and the new weight recorded as Wf. 

The loss of weight was evaluated as wb – wf) and recorded as WL. The procedure was repeated for other two 

samples and the average loss on ignition is calculated as [13]. 

100.. 
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Where WL = weight loss  

  Wb = Weight of soil sample before heating  

 Wf = weight of soil sample after heating.  

Determination of Permanent Linear Change 

 The length of dry soil samples was measured and recorded as L1. The sample was then placed in a kiln having 

an oxidizing atmosphere such that the flame does not impinge on the specimen directly from the burner. The 

three specimens were placed at 4cm apart from each other and from the kiln wall. The furnace temperature was 

maintained up to 1450oC for 1 hour, 1150oC to 1200oC for 2 hours and 1250oC for 5 hour, the test specimen is 

then cooled to room temperature for over 10 hours in the closed kiln itself. The test specimen is removed and it 

new length recorded. The same procedure was repeated for the other two soils sampled and the linear change 

was obtained from the formula [13]. 
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Where L = Linear change  

𝐿2  = Final length  

𝐿1 = original length of sample.  

Determination of Refractoriness of the Clay sample  

Test cones were prepared by mixing each clay sample aggregate with sufficient quantity of water to make the 

clay become plastic and molded by hand into a cone shape. The samples were dried and fired to a temperature of 

900oC in a muffler furnace. Pyro metric cones designed to deform at 1300oC, 1400oC, 1500oC were placed 

round the samples and the temperature rose to above 1000oC at 10oC per minute. Heating was discontinued 

when the test cone bent over and leveled with the base of the disc. Softening of cone was recorded as the 

refractoriness of 1300oC. The procedure was repeated for the other two samples and the average refractoriness 

was recorded [13]. 

Determination of thermal shock resistance of the sample clay 

The clay sample to be tested was carefully observed for cracks and placed in a muffle furnace. The furnace was 

heated at a uniform rate to attain a temperature of 1000oC in three hours. This temperature was maintained for 

30 minute and the samples clay removed from the furnace and cooled for 10 minute on the floor in a position 

from drought. Such cycle of heating and cooling were repeated till for fraction was noticed the first crock 

appeared at 8cycle, the procedure was repeated for the other two soil samples and the average shock resistance 

was recorded [13]. 

Cold crushing Strength  

 The test sample soil is kept on a flat surface in between 5mm thick asbestos fiber board or card boards (Bedding 

Materials). This is then followed by application of a uniform load to it through a bearing block in a standard 

hydraulic compression testing machine. The load of which crack appear was sampled and the average crushing 

strength for the samples was recorded [13]. 

Table 1: Result of the chemical Analysis of Vintim- Mubi clay in Adamawa State 
Sample AL2O3 SiO2 SO3 K2O CaO T1O2 V2 O5 Cr2O3 MgO 

Percentage 18.1% 67.7% 0.20% 4.98% 1.33% 0.906% 0.043% 0.031% 0.119% 

 
Sample Fe2O3 NiO CuO ZnO MoO3 BaO 

Percentage 5.986% 0.069% 0.010 0.194 0.1 0.20 
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Table 2: 
  S/N Composition  Percentage Composition  

1 Al2O3 25-35 

2 Fe2O3 3-5 

3 Alkalis  1-2 

Source: (National Metallurgical Development Center Jos) 

Table 3: Result of the physical Analysis of Vimtim - Mubi clay 
Refractoriness Bulk Density  Apparent porosity  Permanent linear change  

1300oC 2.39Km3 13.70% 9.6% 

 

Thermal shack Resistance  Cold crushing 
strength  

Loss of ignition  Moisture content  

8cycles  253Kg/Cm2 4% 8.10% 

Source: (National Metallurgical Development Center Jos) 

 

Table 4: Characteristics of Raw materials for fire clay 
Properties  Specification  

Bulk Density 1.95 – 2.05 

Loss on ignition  15% maximum  

Refractoriness  <1500oC for oven & > 1500oC for furnace  

Apparent porosity  8 - 24% 

Linear change  2 -15% 

Cold crushing strength  200-400 Kg/Cm2 

Moisture content - 

Thermal shock Resistance  - 

Source: (Rashid A. Chesti, 1986) 

 

V. RESULTS AND DISCUSSION 

Chemical Analysis  

 Table 1 presents the result of the chemical analysis of Vimtim- Mubi clay. The result shows that the clay 

contains 18.1% aluminum  oxide, 67.7% silicon oxide, 0.20% sulphur trioxide, 4.98% potassium oxide, 1.33% 

calcium oxide, 0.906%vanadium pentaoxide, 0.031% chromium oxide, 0.119% manganese oxide, 5.986% iron 

II oxide, 0.069% Nickel oxide, 0.010% copper oxide, 0.194% zinc oxide, 0.10% molebdenum oxide and the 

amount of impurities. The percentage composition of Aluminum oxide should not be below 25%  

In table 2 the fusion temperature increases with increase in percentage composition of aluminum oxide. From 

table 1, the percentage of aluminum oxide is below the standard value but can be increase to specification if 

mixed with other clays having higher percentage composition of aluminium oxide and lower impurities. The 

percentage composition of impurities such as oxide, magnesium oxide, calcium oxide, etc. in clay is also a 

factor that determines properties of clay oven. The limited for percentage impurities in clay should be between 2 

to 5 % table 2. Some of the value of the impurities falls between the required ranges; some of the impurities 

having oxides less than one (1) can be improved by adding clays having higher percentage of such oxides. Other 

impurities having higher percentage than the standard value can equally be reduced by adding other clays 

having lower percentage of corresponding clay impurities  

Physical Analysis 

Apparent porosity of Vimtim- Mubi clay was calculated and found to be 13.70%, Bulk Density of 2.39kg/m3, 

Loss on Ignition (4% - 15% max.),  Permanent Linear Change (9.6%), Moisture content (8.10%), and Cold 

crushing strength (253Kg/cm3 ) which are within the allowable limits [13]. 

 

VI. CONCLUSION 

The result of test carried out on Vintim - Mubi clay shows that the chemical composition of the clay needs to be 

altered. The percentage composition of Aluminum oxide and silicon oxide were found to be 18.1% and 67.7% 

respectively. The percentage composition of aluminum oxide is below the minimum requirement for clay oven 

oxide, and need to be increased to a minimum of 25% by mixing or blending Vimtim - Mubi clay with other 

clay having higher percentage composition of aluminum oxide and low percentage composition of impurities; 

while the percentage composition of silicon oxide can be reduced using a magnetic sieve.  

The result shows that all the other properties such as refractoriness, bulk density, apparent porosity, permanent 

linear change, cold crushing strength, loss of ignition, fall within the allowable limits recommended for clay 

oven in table 4. The development of local clay oven would create job opportunities for the citizens of the 

country. 
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