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ABSTRACT 

This research was conducted to formulate a refractory lining recipe for lining diesel fired rotary furnace from locally 
sourced kaolin, using locally sourced potter’s clay as binder. Six samples (A-F) of kaolin clay mined locally from Apata 
II area, Ondo road, in Ile-Ife, Nigeria, were roasted at 1200˚C held for 8 hours, mixed with different percentages of raw 
kaolin and appropriately made into briquettes using potter’s clay of good plasticity as binder. The samples were tested 
for various refractory properties. The result showed that sample mixes A (100% chamotte), B (80% chamotte, 20% raw 
kaolin) and C (60% chamotte, 40% raw kaolin) are considered to have good properties. However, the optimum material- 
mix for the refractory bricks lining, with particular reference to the highest thermal shock resistance was found to be 80% 
chamotte mixed with 20% raw kaolin.  
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1. Introduction 

Refractories are non-metallic materials capable of endur- 
ing high temperatures and suitable as construction ma- 
terials for industrial furnaces. Their primary purpose is 
derived from their resistance to high temperatures, but 
they usually must withstand, in addition to one or more 
of the following destructive actions; abrasion, load, slag/ 
molten metal or salt [1]. 

Certain basic properties are required in any refractory, 
while others are specific for application. The most basic 
property is resistance to high temperatures and this is me- 
asured by standard pyrometric cone equivalent, PCE [2]. 
Refractories are critically important for the optimum per- 
formance of high temperature manufacturing processes 
among which are iron and steel making, glass and cement 
[3]. The availability and use of consistent, high quality 
refractories are very important for refractory users to 
maintain stable and efficient operations, and increase 
productivity. This is because refractories are inherently 
variable products; quality control is a constant require- 
ment to insure consistent, high quality production. The 
importance of refractory in the global economy cannot be 
underestimated. According to Charles [4], the refractory  

industry developed and flourished as a direct result of the 
need for heat resistant materials, to contain and control 
the thermal/chemical manufacturing processes of many 
industries. So the refractory industry has been, and con- 
tinues to be an essential (although silent) partner for all 
traditional industries (iron, steel, cement, glass, ceramics, 
chemicals, petrochemicals, energy, etc.) which have been 
instrumental in the development and growth of the US 
(and world), especially since the mid-1800’s e.g., west- 
ward migration, growth and modernization of agriculture, 
industrial revolution, growth of transportation, energy and 
fuel, infrastructure development, movement of materials/ 
commodities, military/defense needs, space exploration, 
modern electronics, and much more. 

It must be emphasized that the goods produced by the 
steel industry, and all of the other manufacturing in- 
dustries, would not be possible without refractories, which 
means that the economic impact and importance of re- 
fractories is MEGA-HUGE. The justification for this re- 
search endeavour is the fact that most industries in this 
country who make use of refractories in their production 
processes procured them from foreign Refractory In- 
dustries because those produced by local refractory in- 
dustries “are not consistent in qualities/service properties” 
necessary for them to maintain stable and efficient opera- 
tions, and increase productivity. *Corresponding author. 
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2. Materials and Method 

The materials used are kaolin and potter’s clay of good 
plasticity as binder obtained from Ile-Ife and Iseyin in 
Nigeria respectively.  

A predetermined quantity of the potter’s clay was mixed 
with raw kaolin in the volume ratio of 4:1. The mixture 
was thoroughly mixed using sand muller and then sieved 
through 1000 µ-sieve size. Water was added to the sieved 
mix while mixing continued until uniform slurry was ob- 
tained. The resulting slurry was sieved through a 100 µ- 
sieve, allowed to thicken in a container and subsequently 
decanted (clay slip) for use as binder. Thereafter a pre- 
determined quantity of kaolin clay was calcined at a tem- 
perature of 1200˚C in a furnace, held for 8 hours and al- 
lowed to cool in the furnace to obtain chamotte or fired 
kaolin. The chamotte was milled in a Rawwley Sussex 
grinder to an average particle size of about 500 µ. Some 
quantity of the dried raw kaolin was also ground, screened 
and similarly sieved to remove stone and other coarse 
particles. The chamotte and dried raw kaolin were added 
together at varied proportions and about 3.5 wt% of the 
prepared clay slip was also added as a binder to form six 
experimental mixes presented in Table 1. The recipe was 
thoroughly mixed, rammed into a 50 mm diameter by 50 
mm length cylindrical steel mould and subjected to pres- 
sure of 2 metric tones using hydraulic press. The proce- 
dure was repeated three times for each of the six experi- 
mental mixes presented in Table 1. All the prepared cy- 
lindrical specimens were dried in air for two days and 
then fired at 1200˚C, held at this temperature for about 
three hours and allowed to cool in the kiln to ambient 
temperature. 

The apparent porosity, bulk density, and water absorp- 
tion tests for each of the samples were carried out in ac- 
cordance with ASTM C20-00 specification [5].  

The percentage shrinkage and loss-on-ignition tests 
were carried out in accordance with ASTM C134-95 
specification [6,7]. The cold crushing strength for each of 
the samples was evaluated in accordance with ASTM 
C133-97 specification [8], while the thermal shock resis- 
tance of the samples was evaluated in accordance with 
ASTM C1171-96 specification [9]. The chemical analy- 
sis of the materials from the samples were made and  
 

Table 1. Material mix for the samples. 

Proportion (%) 
Sample 

Chamotte Dried Raw Kaolin

A 100 0 

B 80 20 

C 60 40 

D 40 60 

E 20 80 

F 0 100 

compared with that of the standard fireclay from litera- 
ture [10]. 

3. Results and Discussion 

Here, the results obtained from the experimental work 
are discussed in detail. Figures 1 to 6 illustrate the rela- 
tionship in properties with respect to percentage chamotte 
content of the various samples. The chemical composi- 
tion of the prepared samples made are presented in Table 
2, while Table 3 showed the XRD result of the clay used 
as binder. 
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Figure 1. Effects of variation in chamotte content on the 
fired shrinkage of the samples. 
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Figure 2. Effects of variation in chamotte content on the 
total shrinkage of the samples. 
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Figure 3. Effects of variation in chamotte content on the 
bulk density of the samples. 
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Table 2. Chemical composition of the materials from which 
the test samples were made. 

sSample 
SiO2 
(%) 

Al2O3 
(%) 

Fe2O3 
(%) 

TiO2

(%)
CaO 
(%) 

MgO 
(%) 

Na2O 
(%) 

K2O
(%)

LOI
(%)

Chamotte 50.20 44.98 0.70 1.36 0.16 0.50 0.02 0.07 - 

Raw Kaolin 42.78 39.69 1.26 1.30 0.18 0.18 0.02 0.07 14.10

Potter’s Clay 
(Binder) 

59.42 35.88 2.42 1.40 0.17 0.15 0.04 0.09 11.66

Superduty 
Fireclay 

57.00 26.70 1.60 1.10 0.20 0.70 0.10 2.00 12 - 15

 
Table 3. XRD result of the clay slip showing the quantity of 
different phases present. 

Identified Phases Weight (%) 

Kaolinite 39.71 

Microcline 3 

Muscovite/Illite 14.66 

Plagioclase Albite 3.08 

Quartz 39.55 
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Figure 4. Effects of variation in chamotte content on the 
specific gravity of the samples. 
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Figure 5. Effects of variation in chamotte content on the 
thermal shock resistance of the samples. 

From Table 2, it observed that the kaolin clay contain 
various (low) percentages of oxides of iron, magnesium, 
calcium, titanium sodium and potassium; this is because 
kaolinite mineral is a product of the decomposition of 
feldspars and micas present in pegmatites and micaceous 
schist, its frequently found together with other minerals 
such as quarts, sulfides, feldspar, mica and iron and tita- 
nium oxides, among others [11].  

From Tables 2, it could be observed that the iron, cal- 
cium, potassium and sodium oxides contents of both the 
raw kaolin clay, potter’s clay used as binder and the fired 
kaolin clay (chamotte) were low. Perusing through Table 3 
it could be observed that the microcline and plagioclase 
albite (feldspar) content of the binder clay were still low. 
Feldspar were mostly used as fluxing agent because of their 
high content of calcium, potassium and sodium oxides 
which favour liquid phase formation and densification at 
low temperature [12-17]. This low content of these fluxes 
will favour high temperatures applications.  

Figures 1 and 2 show the effects of variation in chamotte 
content on the fired shrinkage of the samples and the ef- 
fects of variation in chamotte content on the total shrin- 
kage of the samples respectively.  

Kaolin has the formula Al2Si2O5(OH)4 or in a simpler 
form Al2O3·2SiO2·2H2O. Due to its content of water of 
crystallization, it has a large firing shrinkage, this explains 
what is observable in Figures 1 and 2, a critical observa- 
tion of these Figures reveals that the percentage shrinkage 
reduces in the test samples with increasing chamotte con- 
tents in the samples. Sample containing 100% raw kaolin 
has the highest total firing shrinkage when fired at about 
1200˚C, while sample with 100% fired kaolin has the 
lowest.  

It can also be seen in Table 2 that there was no loss on 
ignition in the fired kaolin (chamotte) while the raw kao- 
lin had 14.10% LOI. This is to be expected because, from 
the previous studies [5], when kaolin is heated, nothing 
note-worthy occurs in term of chemical or phase trans- 
formation until a temperature of about 450˚C is reached. 
When the temperature is a little above 450˚C there is 
about 14% weight loss and heat absorption of 170 cal/gm. 

Beyond this temperature, there is a breakdown of the 
kaolin structure, which is replaced by a material called 
meta-kaolin. This occurs at about 500˚C, when the com- 
bined water content in the clay is driven off and meta- 
kaolin is formed. With further heating, the meta-kaolin 
decomposes at about 970˚C with a sharp evolution of 
heat to form a new crystal phase having a spinel structure 
similar to γ-A1203. Above 1050˚C, this spinel structure 
gradually breaks down into mullite and cristobalite with 
an amorphous or glassy phase [5,18-22]. The grains of 
this phase grow coarser at 1200˚C and form splice. 

Figures 3 and 4 show the effects of variation in chamotte 
content on the bulk density of the samples and the effects 
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of variation in chamotte content on the specific gravity of 
the samples respectively. 
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There is a loss of weight of about 14% at above 450˚C 
when the raw kaolin transforms to meta-kaolin, and the 
growth of the grains at about 1200˚C while forming splice 
[23-26]. Explain why the bulk density and specific gra- 
vity of the samples decrease with increasing chamotte 
content as shown in Figures 3 and 4, except for the sharp 
deviation from samples C and D (60% and 40% chamotte 
respectively). This confirms the fact that high tempera- 
ture phases (allotropes) are always less dense than the 
lower temperature ones. 

Figures 5 and 6 depict the relationships between the 
thermal shock resistance, cold crushing strength and the 
percentage chamotte content of the samples. 

It is clearly seen that both properties increase in value 
with increase in the percentage chamotte content. The high- 
est value for the thermal shock resistance being the sam- 
ple with 80% chamotte and 20% raw kaolin. 

Figures 7 and 8 show the relationship between these 
parameters and the apparent porosity of the samples. 
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Figure 6. Effects of variation in chamotte content on the 
cold crushing strength of the samples. 
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Figure 7. Relationship between apparent porosity and cold 
crushing strength of the samples. 

 

Figure 8. Relationship between apparent porosity and ther- 
mal shock resistance of the samples. 
 

It can be observed that the porosity of the samples re- 
duces from 26.28% to 20.40%, and then increases to 
25.10% as the thermal shock resistance increases. The 
better thermal shock resistance observed with increasing 
chamotte content from 40 vol% to 100 vol% as the po- 
rosity increases could be because the greater volume frac- 
tion of the internal pores in the samples structure arrests 
the propagation of cracks brought about by the thermal 
stresses the samples were subjected to. Also, samples with 
lower chamotte content have lower thermal shock resis- 
tance. This could be due to residual stresses setup in the 
structure of the samples as a result of the greater shrin- 
kages resulting from the phase transformations of the raw 
kaolin [27]. All these may be due to the fact that the struc- 
ture of brick has some influence on its load bearing ca- 
pacity. A brick of high porosity will have lower load 
bearing capacity than one of the same material with lower 
porosity, since there is less material in the brick to carry 
the load in the former case. Porous bricks are lighter and 
therefore unlikely to carry heavy load [28]. 

4. Conclusions 

An increase in the chamotte content increases the cold 
crushing strength and thermal shock resistance while it 
reduces the shrinkages, bulk densities and specific gra- 
vity of the test samples. However, increase in the chamotte 
content of the samples reduces the porosity to a certain thre- 
shold and then increases. 

Samples with 100% chamotte, 80% chamotte, and 60% 
chamotte are considered to have good lining properties. 
However, with respect to the thermal shock resistance, 
sample with 80% chamotte and 20% raw kaolin is con- 
sidered to be the optimum material-mix. 
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