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Abstract: Insulating refractories are a special class of refractories produced to have a highly porous structure 
with air entrapped therein. The presence of air in these pores reduces the conductive capacity of the refractories 

and therefore increasing their insulating characteristics. Apart from the natural occurring fire clays which has 

been adjudged an insulating refractories, other clays can have their insulating characteristics improved by the 

addition of materials like saw dust, rice husks and other farm wastes. An investigation was therefore carried out 

to ascertain the effects of rice husks addition on clay samples from Kaduna State as refractory insulating 

materials for industrial use. The results on linear shrinkage, thermal conductivity, apparent porosity and solid 

density of all the samples, showed that the linear shrinkage averaged 8.7% with 0% rice husks and 8.4% with 

40% addition of rice husks, bringing them closer to the lower range of the international standard of 7-10%. 
Apparent porosity averaged 13% with 0% rice husks and 17% with 40% addition of rice husks bringing them 

closer to the acceptable range of 20-80%. Solid density averaged 2.9g/cm3 with 0% rice husks and 2.6g/cm 3 

with 40% rice husks, still bringing them closer to the international range of 2.3-3.5g/cm3 while thermal 

conductivity was 0.515W/mk with 0% rice husks and 0.142W/mk with 40% rice husks thereby improving their 

insulating properties. 
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I. INTRODUCTION 
 An insulator is generally referred to as any material that impedes, obstructs or offers a very high 

resistance to the flow of the target fluid. The fluids of concern in this case are electricity and heat. Therefore an 
insulator is any material that offers a very high resistance to the flow of heat and current. Manukaji .(2004)

   

Insulating refractories are high porosity refractories having low thermal conductivity and high thermal insulation 

properties suitable for minimizing heat losses and maximizing heat conservation in furnaces. They derive their 

low thermal conductivity from their pores, while their heat capacity is determined almost entirely by the solid 

component. Olusola  (1998) The insulating effect is principally the result of achieving a series of air spaces 

between an alternate series of solid boundaries.  

 One of the most widely used materials is diatomite, also known as kieselguhr, which is made up of a 

mass of skeletons of minute aquatic plants-deposited thousands of years ago on the beds of seas and lakes. 

Chemically this consists essentially of silica contaminated by clay and organic matter. Among the larger 

deposits are those of Denmark, Germany, Portugal etcAbifarin (1999)  

 The heat resistant insulating materials for this kind of duty range from baked clay, silica, mica and slug, 

which is a by-product of iron and steel extraction from raw materials. The important factors to be considered in 
the formulation of these heat resistant insulating materials are  

(1) To ensure that no metallic electricity conductors such as ferrous or ferric materials are contained therein 

(2) That material strength of the heat dissipating material is enough to sustain the conductor and indeed other 

weights of materials it is expected to support. 

(3)  To ensure that under high heat condition 500-2000oC the dielectric strength of the heat dissipating material 

is stable so as to prevent current leakage. 

(4)  The heat dissipating material should not char, burn or loose its chemical composition under high heat 

condition. 

If high heat resistance materials  

(1)  do not crack at very high temperature 

(2)  possess high insulation resistance 
(3) are non absorbent (or kept out of deteriorating moisture or degrading chemicals) 

(4) are of required material strength 

(5) can dissipate absorbed heat homogeneously 

(6) do not deteriorate the quality of the heat source,  then it qualifies to be used as a heat dissipating insulating 

material IEE (1992). 
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The production of insulating base plates from clay base materials are carried out by a number of different 

methods. These have been summarized as follows: 

(i) Incorporation of natural or synthetic lightweight materials, such as diatomite, expanded vermiculite, or raw 

kyanite 

(ii) Inclusion of materials which are later removed by combustion or sublimation, more usually the former. 

(iii) Production of a cellular structure by mechanical beating using a frothing agent. 

(iv) Formation of gas bubbles in a semi-fluid medium by chemical reaction 
(v) Miscellaneous methods. 

 

 Although certain of the above processes would seem comparatively simple, the bulk production of 

porous clay insulating base plates of low conductivity is, in fact, a difficult operation that is frequently 

associated with considerable losses both of the base plates and money BSI (1975). Of the above methods, the 

use of combustibles is probably the earliest and the most widely employed. The particular material used is partly 

a function of the water required in the product and partly of availability. Sawdust and rice husks are perhaps the 

most common material, though better results are said to be obtained with such exotic materials as polystyrene 

expanded beads. Even simple materials like sawdust and rice husks require careful selection and control, since 

such factors as the grain size and swelling tendency in contact with water may have a marked effect both on the 

ease of manufacture and the properties of the product. Manukaji (2004)  
For a refractory clay to have good insulating characteristics, it must have amongst others the following 

characteristics 

(1) It must be highly porous 

(2) It must have low thermal conductivity 

(3) It must have low solid density 

(4) It must have a reasonably low linear shrinkage. 

 

 In this experiment therefore, the effects of rice husks addition on the above properties of the clay 

specimens were studied and the results are shown in the graphs below  Further more, statistical analysis was 

used to study each clay sample closely, with reference to linear shrinkage, apparent porosity, bulk density and 

thermal conductivity. Analysis of variance, regression analysis and correlation coefficients analysis were 

modeled for each clay specimen and the results were shown below. 
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EFFECT OF RICE HUSK ADDITION ON APPARENT 

POROSITY AT 1200oC
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EFFECT OF RICE HUSK ADDITION ON SOLID 

DENSITY AT 1200oC
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EFFECT OF RICE HUSK ADDITION ON THERMAL 

CONDUCTIVITY AT 1200oC
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II. RESULTS AND DISCUSSION 
The effects of rice husks addition on the above properties of the clay specimens were studied and the results are 

shown and discussed as follows. 

1. The linear shrinkage showed a steady reduction in value from 8.7 -8.4% as the quantity of rice husks 

addition increased thereby bringing the values closer to the lower values of the acceptable range of 7-10% 

Ijagbemi(2002). 

2. The solid density of the samples reduced steadily from 2.9 -2.6g/cm3 as the rice husks addition increased 

moving them closer to the lower acceptable range of 2.3-3.5g/cm3 Ijagbemi (2002) 
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3. The apparent porosity increased in value from 13- 17% in most of the samples thereby bringing them closer 

to the international range of 20-80% , Oaikhinan (1988). 

4. The thermal conductivity of the samples decreased steadily from 0.515 – 0.142 W/mok as more rice husks 

were added making the samples better insulators Manukaji(2004)  

 

III. CONCLUSION AND RECOMMENDATION CONCLUSION 
(1) From the tests carried out on the addition of rice husks to the clay samples, it could be concluded that 

properties like porosity, thermal conductivity, linear shrinkage and solid density of the clays from these 

locations improved significantly and can be varied to suit the particular insulating property desired. 

 

IV. RECOMMENDATIONS FOR FURTHER WORK 
With the studies carried out, and the analysis done of the accruing results, the following recommendations for 

further studies and analysis is hereby proposed. 

 
(1) Further studies on the insulating properties of the clay samples could be carried out by analyzing the effects 

of the addition of saw dust, ash and other farm wastes on the clay samples. 

(2) An investigation should also be carried out on the effects of the addition of bentonite on the clay samples. 

(3) A study should also be carried out on how the addition of graphite, coal and asbestors would reduce the 

linear shrinkage properties of the clay. 

(4) Efforts should also be made to reduce the ferrous and ferric content of the samples thereby reducing their 
thermal conductivity. 

(5) Slag from iron extraction should be added to the samples to improve their insulating properties. 

(6) Investigation should be made on the effects of the addition of foam-ceramic-fibres on the insulating 

properties of the samples.  
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