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Abstract 
This present research work is on the characterization of bauxite red mud 
(waste material) from Ngaoundal for the manufacture of ceramic products. 
After the extraction process, the raw material was characterized using Scan-
ning Electron Microscopy (SEM). Morphology, mineral phases and chemical 
composition were determined by using energy-dispersive X-ray (EDX) analy-
sis, X-ray diffractometer (XRD), X-ray fluorescence (XRF). Differential Scan-
ning Calorimetry and Thermal Gravimetric Analysis (DSC-TGA), Infra-Red 
(IR), Particle size (PS) were also used. Results of red mud analysis show that 
major oxides were Fe2O3 (37.21%), Al2O3 (19.6%), SiO2 (7.68%), TiO2 (1.07%), 
Na2O (4.71%), and CaO (2.75%). These last oxides require low temperature to 
melt and act as binders which link particles of red mud during the sintering 
process. Presence of alkaline oxides is an appeal to reduce energy consump-
tion during ceramic manufacture process and to protect our environment for 
sustainable development. Physical and mechanical properties of fired red 
mud showed that the firing shrinkage, bulk density, and flexural strength in-
crease with firing temperature. Porosity and water absorption had the same 
pattern and they decreased with the increase of temperature. Chemical stabil-
ity reveals that 10% material loss is obtained after 7 days of treatment under 
acid-base conditions. 
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1. Introduction 

Red mud is a highly alkaline solid waste produced from the alumina refinery 
plants. Generally, red mud comes out from the Bayer process or sintering 
process of alumina production. It is in from of slurry with high amount of so-
dium aluminates [1] [2]. Every year, more than 300 million tons of red mud is 
producing from the alumina industries in worldwide. The disposal of large 
quantities of red mud is very difficult and it leads to land, air and water pollution 
[1] [3]. Because it has high alkaline nature and it contains many hazardous sub-
stances like metals and radioactive elements [1] [4] [5] [6]. Chava V. et al. show 
that the production of 1 tonnes of alumina generated 1 - 1.5 tonnes of red mud. 
Due to the alkaline nature and the chemical and mineralogical species present in 
red mud, this solid waste causes a significant impact on the environment and 
proper disposal of waste red mud presents a huge challenge where alumina in-
dustries are installed. The disposal cost is high, accounting for about 5% of alu-
mina production [7] [8] [9]. Up to now, red mud has found limited applications 
in brick, glass, aerated concrete block, road base material, filling material in 
mining and plastic, as adsorbent to adsorb heavy metal ions and non-metallic 
ions from wastewater and soil and SO2 in the waste gas [7] [8] [10]. Unfortu-
nately, none of these applications has been economically applied on an industrial 
scale [8]. There is not yet an economic way or an application of plant scale to 
utilize this red mud. Many studies have been said about the possibility of using 
the red mud as a cheap source of raw material for the manufacture of low-cost 
ceramic products [11] [12]. From earlier researches it was seen that this residue 
contains several oxides which can form a glassy phase after during processing. 
Because of the environmental impact of bauxite residue and its enormous vo-
lume through the environment, its treatment to change the alkalinity is an ex-
tremely urgent issue with the aim of converting the harmful red mud to useful 
products for different applications [13]. This will produce significant benefits in 
terms of environment and economics by reducing land fill volume, contamina-
tion of soil and ground water, and release of land for alternative uses. Currently, 
most red mud produced from alumina plants is disposed in landfills or dumped 
at sea. The cost of disposal is very high, constituting for approximately 5% of 
alumina production. Hence the question arises what to do with these large vo-
lumes of red mud with high polluting character. Because it contains com-
pounds of Na, CA, Si and K, it can act as fluxing agent and so could be of par-
ticular importance for use in the production of bricks, roofing tiles, rustic floor 
and wall tiles [14]. Moreover, it can be used to produce valued materials in ce-
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ramic manufacture and for other applications and thus saving natural resources 
[14] [15]. The objectives of the present work were to investigate the potential of 
red mud in ceramic tiles, through the preparation of test specimens from the red 
mud used as raw-materials. Mechanical Properties related to the sintering 
process such as the apparent density, water absorption, linear shrinkage, flexural 
strength were also characterized and the chemical resistance test were also eva-
luated. 

2. Materials and Experimental Methods 

 Bauxite Potentials of Study Area 
It is estimated that Cameroon has the 6th world bauxite reserves. With ap-

proximately 1.8 billion tons from which 1 billion tons are estimated for the two 
groups of deposits situated in the Minim-Martap and Ngaoundal. These 1.8 bil-
lion tons seems to be underestimated, since there are many non-explored baux-
ite indices in Cameroon as indicated by the SABAP exploration license [13] [14] 
[15] and the recent geological map of Cameroon (Figure 1). 

2.1. Preparation of Sample 

Red mud used for this study was produced in our laboratory from bauxite col-
lected at Mount Ngaoundal (6˚27'55"-North, 13˚16'16" East). The method em-
ployed used in the extraction of red mud from bauxite was that used by Tsamo 
et al., [14] adapted from the Bayer process. In which 20 g of finely crushed and 
grind bauxite (powder particles of diameter < 75 µm) were mix with 40 ml solu-
tion of 3M NaOH in an Erlenmeyer flask and stirred (300 tr/min) for 10 mi-
nutes. The reaction mixture was then, heated at 80˚C for 20 minutes, allowed to 
cool down and filtered. Red mud was collected on the filter paper and drying at 
room temperature before processing [14]. 

2.2. Characterization Techniques 

Due to the fact that Cameroon is not yet processing its bauxite, the bauxite col-
lected at Ngaoundal (6˚27'55"N, 13˚16'16"E) was used in producing the red mud 
in the laboratory as described in our previous studies [11] [12]. Sampled bauxite 
was washed with distilled water, crushed in porcelain mortar and dried at 105˚C  
 

 
Figure 1. Bauxite and sampling area. 
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for 24 h using a HERAEUS type VT 5042 EK oven. The dried particles were then 
sieved to obtain particle size of 75 μm used for characterization studies and ce-
ramic production. The chemical composition of red mud and waste glass was 
determined using the XRF (AXIOS PANalytical, Dy 1680) while the surface 
functional groups were determined by FTIR (Fourier transform infrared spec-
troscopy Spectrophotometer, (Bruker Make), Model: ALPHA-P). The presence 
of mineral compounds in waste glass and red mud, was determined by XRD us-
ing a Philips X’Pert PRO diffractometer. The different diffraction peaks recorded 
were compared with those of similar samples reported in literature for identifi-
cation. The DSC-TGA technique (SDT Q600 V20.9 Build 20) was used to iden-
tify the different phase transformations involved in waste glass and red mud 
samples with heating while SEM was used to determine the surface morphology 
of the solid materials [16].  

2.3. Formulation and Shaping 

Plastic pastes prepare from red mud material powder were homogeneously 
mixed with water at 12% (w/w). After crushed and sieved using a 75 µm sieve, 
the mixture was produced by extrusion in a parallelepiped (82 mm × 42 mm × 9 
mm) using a uniaxial pressing techniques at 10bars. Specimens were dried for 48 
h at room temperature in the laboratory, oven-dried at 110˚C for 24 h, then fired 
in a kiln (Nabertherm, model LH 60/40) at different temperature 800˚C, 900˚C 
and 1000˚C. For firing temperature up to 500˚C the heating rate was set to 
2.5˚C/min. Once the desired temperature was reached, the sample was left at 
constant temperature for 2 hours and then heated at a rate of 5˚C/min up to the 
selected firing temperature where it was left for 2 hours before cooling down to 
room temperature [16] [17]. 

2.4. Testing Method for the Physical and Mechanical Properties 

Several physical properties of the fired red mud can be determined: linear shrin-
kage, water absorption, apparent porosity, bulk density, apparent density, and 
loss on ignition. In this research, only the first four properties were considered. 

The properties of the specimens obtained from sintering at the four tempera-
tures with varying composition of glass were evaluated. The loss of mass due to 
drying at 110˚C and firing at different temperatures was determined using 
ASTM-C326 standard [13] whereas the determination of the linear shrinkage 
was done by studying the variation of the mean length of spots recorded on the 
parallelepipeds between drying at 110˚C and firing at different temperatures as 
described in ASTM-C326 standard [13]. Water absorption was carried out on 
cylindrical fired test specimens according to ASTM-C373 standard [14] where 
ceramic samples were weighed and immersed in a beaker containing distilled 
water and the ensemble boiled for 2 h, and then allowed to cool for 24 h at room 
temperature. The specimens were then wiped with a paper towel and weighed. 
The flexural strength, determination was done according to ASTM-C 674 stan-
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dard [15] in which, the parallelepiped ceramic was placed on two cylindrical 
supports and horizontal portion fixed on a basement of vertical movement. A 
third motionless cylinder was placed above, parallel and symmetrical to the pre-
vious one. The basement that carries both cylinders has an average ascent of 3 
mm/min to reach breaking point. The dynamometer then indicates the force ex-
erted to break the specimen which is then used to calculate the mechanical re-
sistance to bending. Apparent porosity, bulk density and porosity were deter-
mined by Archimedes’ Principle using the ASTM-C373 standard [14]. For the 
specimen’s resistance to acid and base corrosion test, sulphuric acid (pH = 1.68) 
and soda solution (pH = 13.24) were used (NEN-7375 standard) [16]. Samples 
were dried again for 24 h at 105˚C, and then weighted masses of the respective 
samples immersed in different 500 mL beakers containing acid or base solutions 
for 30 days, after which the samples were withdrawn and carefully wiped with 
dry tissue, dried again for 24 h at 105˚C in the oven and weighed to get the final 
mass. The difference between this final mass and the initial mass of sample before 
treatment with acid or base gives the mass loss due to acid or base corrosion. 

3. Results and Discussion 
3.1. Chemical Composition of the Powders  

Chemical composition of the red mud is given in Table 1. The majority of the 
used powder consists of SiO2, Al2O and Fe2O3. These elements are of 64.49% for 
red mud material. These elements are fundamental for ceramic study. Red mud 
has 20.26% of loss on ignition. This lost can be justify by organic matter present 
in the material and some chemical reaction that occur during the processing. 
The types of elements present and the trends in content are similar to those re-
ported by other authors [14] [18] [19] [20].  

It is observed that Fe2O3, Al2O3, SiO2, Na2O, CaO and TiO2 are major compo-
nents of red mud. The high amount of Na2O + K2O (4.77%) and CaO + MgO 
(2.83%), oxides which act as fluxes can easily facilitate the liquid phase forma-
tion during the firing stage of the ceramic [1]. 

The gaseous components constituted by carbon and Fe2O3 content, which can 
generate gases and bloat the ceramic bodies in the firing process. Finally the 
third group is fluxes constituted of alkali metal oxide and alkaline earth metal 
such as CaO, Na2O, K2O and MgO, which help in lowering down the melting 
point [21] [22] [23]. 

The presence of Al2O3 and SiO2 is responsible for the good mechanical beha-
viour, shrinkage of a sample and Fe2O3 in constitution determines the colour of  
 
Table 1. Chemical composition of the Red mud determined by XRF.  

Element % LOIa SiO2 Al2O3 Fe2O3 CaO MgO SO3 Na2O K2O P2O5 TiO2 MnO3 

Red mud % 20.26 7.68 19.6 37.21 2.75 0.08 0.08 4.71 0.06 0.12 1.07 0.09 

aLoss on ignition. 
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the sample after firing. It is basically characterized by high amount of SiO2 and 
Al2O3. Raw materials present low amount of SiO2 and considerably amount of 
Al2O3. Quantity of earth-alkaline oxide (CaO and MgO) that are auxiliary fluxes 
also is low, indicating that the studied raw materials during firing can formed a 
pore due to the loss of CO2. The chemical composition of red mud sample contain 
(SiO2 + Al2O3+ Fe2O3) is high values (64.49%), it’s indicative is suitable to make 
quality ceramic product. These results agree with the literature [21] [22] [23] [24]. 

3.2. IR Spectrum 

The IR spectrum of Bauxite red mud is divided into three absorption domains 
(Figure 2). The first domain consists of four absorption bands: 3653; 3735; 3648; 
3335 cm−1 which are characteristic of the vibration of the OH bonds of the hy-
droxyl group of the gibbsite [25], basic mineral of the bauxite. This confirms the 
results shown by the DRX and DSC/ATG. The second domain consists of three 
absorption bands around 1060; 966 and 913 cm−1. These absorption bands cor-
respond to the different modes of deformation vibration of the OH bond of the 
water molecule [26]. The band around 1500 cm−1 is characteristic of the valence 
vibration of the C = O bond [27], whereas those between 1300 to 1400 cm−1 cor-
respond to the vibration of the Si-O bond [28]. The peak around 913 corres-
ponds to the vibration of the Si-O bond [29]. The spades around 843, 799 cor-
respond to the Fe-OH group [30]. IR data confirms the results of XRD and XRF. 
We can conclude that red mud is well crystalized.  

3.3. Ramann Spectra  

Two very characteristic vibrations of gibbsite could be identified in the range 
from 100 - 700 cm−1 at 300 cm−1, 480 cm−1, assigned to Al-O-Al deformation [25] 
[26]. Anatase even as a minor phase is an excellent scatter, and therefore Ra-
mann Spectroscopy has remarkably low detection limit for anatase in red mud, 
as has been already started for kaolin [27]. Although band superposition com-
promises the diagnostic feature of the band at around 100 cm−1. It can still be 
used, as the overlapping gibbsite vibrations of lower intensity and fairly intense  
 

 
Figure 2. IR curve of red mud of Ngaoundal bauxite. 

https://doi.org/10.4236/ampc.2022.121001


A. Tom et al. 
 

 

DOI: 10.4236/ampc.2022.121001 7 Advances in Materials Physics and Chemistry 
 

kaolinite vibrations are displaced to lower wave number [28]. The only exclusive 
anatase band, however is the one at 675 cm−1 and its intensity might be below 
detection limits. From a mineral processing point of view, the identification 
and proportion of the iron oxides/hydroxides is the most important. Goethite 
and hematite use to be the minerals and hematite can easily be targeted by its 
diagnostic vibrations at 496 cm−1 [29]. Quartz, usually a common mineral in 
bauxites, has not been identified in our sample by its very characteristic band at 
464 cm−1 [30]. Ramann, however is not able to detect as this configuration is li-
mited 1200 cm−1 out of range of kaolinite’s only exclusive vibration, at 3688 cm−1 
(Figure 3). 

3.4. X-Ray-Diffraction 

The XRD pattern of red mud is given by Figure 4 and it is seen to contain the 
minerals: Anatase (TiO2); Hematite (Fe2O3); Diaspore (AlO (OH)); Gibbsite 
(Al(OH)3; quartz (SiO2); calcite (CaCO3); Goethite (FeO(OH)); Albite (NaAl-
Si3O8); Orthose (KAlSi3O8); and Bohemite. As reported in literature, it can be 
seen that this red mud is dominated by iron minerals. The presence of quartz, 
orthose and albite silica minerals and alumina minerals confirm the XRF results. 
The XRD results show the variable contribution of red mud in the glassy phase, 
the gas components and fluxes of fired ceramics The XRD results show the vari-
able contribution of red mud in the glassy phase, the gaseous components and 
fluxes of fired ceramics [13] [14].  

3.5. Analysis  

The Bauxite DSC thermogram (Figure 5) shows the following two thermal 
phenomena: 
- An endothermic peak whose maximum is at 282˚C and which corresponds to 

the departure of the free water contained in the red bauxite sludge which 
corresponds to the dehydroxylation of gibbsite [31] according to the equation: 

 

 
Figure 3. Raman spectroscopy of bauxite red mud from Ngaoundal. 

cm-1
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Figure 4. XRD pattern of red mud. 

 

 
Figure 5. DSC-TGA curves of red mud (blue is DSC, green is TGA). 

 

( ) 282 C
2 2 3 232 OH 2H O Al O 3H O⋅ → +  

This dehydroxylation ends before 400˚C. According to the work of Kloprogge 
et al. [32] which showed that the maximum dehydroxylation temperature of 
gibbsite is around 300˚C - 310˚C and that for crystallized gibbsites this value in-
creases (350˚C - 380˚C). Thus we can deduce that the gibbsite contained in our 
material is crystallized. This endothermic peak around 282˚C could also corres-
pond to the dehydroxylation of lepidocrocite (γ-FeO (OH)) according to the 
reaction Equation (1) [31]; 

( ) 282-300 C
2 3 22 -FeO OH Fe O H Oγ γ→ − +  

  

Lepidocrocite          maghémite  eau  
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- There is a slight peak around 490˚C corresponding to the dehydroxyla-
tion of boehmite [31] [33] [34] [35] according to the equation: 

( ) 490 C
2 2 3 22-Al OOH Al O H Oα → +  

The thermogravimetric curve of red bauxite sludge shows the following two 
thermal accidents: 

- The first wave that starts around 25 and ends at 220˚C with a mass loss of 
0.98% or 0.2119 mg the second wave starts 220 and ends at 390 and the 
maximum is 282˚C, and corresponds to the dehydroxylation of gibbsite to 
boehmite. This accident is accompanied by a loss of mass of approx-
imately 10.70% or 2300 mg; 

- The third wave, which starts at 400 and ends at 600˚C, is accompanied by 
a loss of mass of about 5.83% or 1.25 mg, and corresponds to the dehy-
droxylation of boehmite [34] [35]. In general, the ATG thermogram 
shows that throughout the analysis cycle, we observe a mass loss of 5.018 
mg or a percentage of 23.35%. 

3.6. Micro Morphological Characteristics 

Figure 4 shows that red mud are polycrystalline and poorly-crystallized or 
amorphous. The sample show more basic nature (white colouration) indicating 
higher surface area of contact with the base during extraction. This highly white 
colouration is expected as bauxite is digested in concentrated sodium hydroxide. 
The SEM image of red mud (Figure 6) are seen to have very low porosity and 
very crystalline structure, an indication that raw materials will produce a very 
homogenized Energy Dispersive of X-ray (EDX) analysis is used to determine 
the actual content of the red mud. 

3.7. Particle Size Distribution 

The computerized processing of the results made it possible to obtain the distri-
bution of red bauxite sludge particles according to their occupied volumes. The 
software assimilates grains to spheres whose diameter values are plotted on the 
abscissa. The curve obtained (Figure 6) shows respectively the volumes occupied 
by each class of particles. We evaluated the maximum diameter corresponding 
to 10% (d10), 50% (d50) and 90% (d90) of the cumulative volume of the particles. 
The results obtained are shown in Table 2 and Figure 7. The particle size dis-
tribution of a material is a very important physical property because it has an 
impact on the reactivity of the material and the product obtained after the ve-
neering process, thus the finer the particles of a material, the greater the reactiv-
ity of this material.is high [34]. 
 
Table 2. Particles size of red mud. 

% D10 D50 D90 

Taille (µm) 1.641 14.341 62.458 
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Figure 6. SEM images of red mud of Ngaoundal bauxite EDS spectra. 

4. Physicochemical and Technology Properties 

The physicochemical and technological results lead us towards semi-industrial 
applications for the manufacture of tiles, earthenware. According to the charac-
teristic below, the manufacture of ceramic products is highly dependent on the 
quality of raw material. Baking temperature, linear shrinkage, fire loss, porosity 
and flexural strength are essential for judging ceramic product quality. Examin-
ing the results presented in Figure 7, it can be seen that: firing shrinkage, fire 
loss, porosity and flexural strength are variable as a function of temperature. 
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Figure 7. Particle size distribution of the red mud powder.  

4.1. Firing Shrinkage 

Shrinkage is related to the loss of water among red mud particles resulting in the 
closer packing of red mud particles. During firing, especially during sintering at 
high temperatures, ceramic particles fuse together leading to greater proximity 
and thus enhancing linear shrinkage. It is considered that the reduction in firing 
shrinkage of material had a positive impact. To minimize shrinkage, firing tem-
perature which is an important parameter affecting the degree of shrinkage must 
be controlled during the firing process. The higher shrinkage could create prob-
lems as it may cause cracks and dimensional defects and this can contributed. 
The firing shrinkage increased with increasing firing temperature. Shrinkage is, 
normally, an important factor to determine the degree of densification during 
firing. Some bubbles that had been trapped in the specimens caused expansion. 
This phenomenon typically occurs during sintering of materials containing 
small amounts of water. The increasing of linear shrinkage is correlated to the 
good mechanical properties of a fired product. 

Figure 8(A) show the evolution of Linear Shrinkage with firing temperature. 
These results are similar to those obtained by Ker Das et al. [35]. At 1000˚C, a 
linear shrinkage of 1.26% is observed. This is in agreement with the refractory 
behavior as confirmed by Djangang.  

4.2. Bulk Density 

As shown in Figure 8(B) the density of fired red mud its strength also increases, 
while its water absorption and apparent porosity decreases. The bulk density of 
fired red mud was proportional to the firing temperature. At higher tempera-
tures, bloating presumably occurs having for effect to decrease the bulk density. 
The bulk density is related to durability and water absorption of red mud shape 
manufacture. 
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Figure 8. Influence of firing temperature. (A) Linear shrinkage, Water absorption and Apparent Porosity; (B) Bulk Density; (C) 
Flexural Strength. 

4.3. Water Absorption and Apparent Porosity 

As shown in Figure 8(C), when water infiltrates ceramic product, it decreases 
the durability. Thus, the internal structure of ceramic must be sufficiently dense 
to void the leaking of water. Figure 6(A) showed that the lowest water absorp-
tion value was obtained for fired at 1000˚C which has the lowest porosity. The 
highest water absorption value was seen at 800˚C which has the highest porosity. 
As understood here, there is a close relationship between water absorption and 
apparent porosity red mud fired. The reduction in both water absorption and 
apparent porosity after firing suggested the increase in the local liquid phase at 
high firing temperature, and thus contributed to a decrease in the pore volume.  

4.4. Appearance and Colour 

The chemical and mineralogical compositions of the red ceramic affect the firing 
color of the final product [26]. In the present study, after drying the samples dif-
ferent specimen no defects were observed. Cracks, bloating and other noticeable 
defects were not observed after firing. This means that drying process has well be 
done. Drying is the most important stage of the ceramic manufacturing process. 
Small cracks may develop during drying, causing a failure during firing [15] 
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[32]. The color of final product was not changed after firing process. The visual 
observation for appearance and color of the ceramic bodies revealed that ap-
pearance and colors of ceramic bodies were acceptable. This variation may be 
due to the thermal reactions between several oxides contained into the raw ma-
terials mainly Fe2O3 and TiO2. 

4.5. Chemical Stability 

The analysis of Table 3 shows that the ions are weakly released in an acidic, ba-
sic and neutral medium. This low rate of salting out is observed due to the low 
variation of the conductivity of the tempering solution. But we note that after 8 
days this value no longer changes. This reflects good chemical stability of ce-
ramics in an acidic and basic medium. Table 4 confirms the resistance to corro-
sion in an acid-base medium. 

According to the results obtained by the corrosion test (Table 4), the weight 
loss was proportional to the reaction time. The weight loss also varied with the 
reaction medium (acidic or basic). The highest corrosion rate (0.85%) was ob-
tained after a basic attack after 30 days of impregnation; this is due to the large 
proportion of quartz (SiO2), which was acidic and therefore easily reacted in a 
basic medium. The lowest corrosion rate (0.19%). Analysis of the results showed 
that despite the nature of the red bauxite mud used, the samples had low porosity  
 
Table 3. Influence of conductivity at given PH in function of soaking time. 

Day 1 2 4 6 8 10 30 

Cond (µS/cm) at PH 3.98 

800˚C 150 157 159 157 155 155 155 

900˚C 150 143 153 152 152 152 152 

1000˚C 150 150 150 152 152 152 152 

 PH 6.74 

800˚C 5 5.1 5.3 5.3 5.6 6.07 6.67 

900˚C 5 5.01 5.21 5.41 5.79 5.81 5.81 

1000˚C 5 5.03 5.09 5.13 5.17 5.22 5.23 

 PH 9.05 

800˚C 1000 1003 1013 1008 1007 1007 1008 

900˚C 1000 1000 1001 1001 1002 1002 1008 

1000˚C 1000 1043 1057 1023 1012 1007 1007 

 
Table 4. Weight loss in sulphuric acid (pH = 1.68) and soda solution (pH = 13.24) as a 
function of time at 105˚C. 

 Time (D) 0.25 0.5 1 2 4 6 8 10 30 

Weight 
loss % 

NaOH 0 0.19 0.20 0.24 0.26 0.38 0.38 0.38 0.40 

H2SO4 0 0.21 0.28 0.57 0.57 0/72 0.84 0.84 0.85 
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hence the low corrosion values of the specimens. Rekik et al. [15] and Djonga et 
al. [13] obtained a chemical resistance of 6% after acid and basic attacks at dif-
ferent temperatures and average concentrations. A treatment should be done to 
reduce or even eradicate the loss of mass and reduce the corrosion problem that 
the materials undergoes. Taking into account the results obtained by these au-
thors, it can be said that the stoneware or ceramic tiles developed in the present 
work have a high resistance to chemical corrosion and can be used in acidic and 
basic environments. 

5. Microstructural Analysis and Mineralogical Composition 

The SEM micrograph of tile specimens fired at 1000˚C is depicted by Figure 
9. Image point out that microstructure of the tile body is not thoroughly ho-
mogeneous (Table 5). Ceramics show large amount of liquid phase formed, 
this implies the lower porosity and better densification during firing process. 
The presence of carbon would probably be due to the decomposition of the 
carbonate with release of carbon dioxide in the material during the sintering 
process.  

Figure 10 shows the diffraction patterns of the tiles specimens fired at 1000˚C 
for 2 h. The crystalline phases identified in samples fired are quartz, Hematite, 
Cristobalite, Aluminum Oxide, Orthoclase and Iron Phosphate. The formation 
of these new phases combined to those already existing, is an advantage for sin-
tered glass composite since they display the mechanical improvement. 

 
Table 5. Elementary composition of sintered ceramic at 1000˚C. 

Spectrum C O Na Al Si K Ti Fe Total 

Spectrum 1 10.32 49.56 0.96 14.03 7.78 0.93 2.24 14.17 100 

Spectrum 2 16.72 50.41 1.57 9.38 12.73 1.42 1.13 6.64 100 

Spectrum 3 16.25 50.06 1.62 9.76 13.45 1.57 1.13 6.16 100 

Spectrum 4 28.55 46.93 1.06 7.17 9.64 1.23 0.8 4.63 100 

Spectrum 5 11.2 52.43 1.74 10.26 14.07 1.57 1.16 7.57 100 

Mean 16.61 49.88 1.39 10.12 11.53 1.34 1.29 7.84 100 

 

 
Figure 9. SEM and EDS of fired product at 1000˚C. 
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Figure 10. DRX of ceramic made from bauxite red mud fired at 1000˚C. 

6. Conclusion 

Results of this work point out the possibility of using red mud as raw material 
for roof tile. XRF, XRD and IR revealed components which give the possibility to 
enhance the quality of manufactured ceramic. Physical and mechanical tests 
were performed to investigate that temperature of firing specimen has a signi-
ficance effect on the properties such as Linear Shrinkage, Flexural strength, Wa-
ter absorption, apparent porosity and bulk density. Linear Shrinkage (0.59 to 
1.28%), Flexural strength (5.28 to 10.45 MPa), Water absorption (16.23 to 
12.56%), and Apparent Porosity (34.68 to 24.80%) vary with increasing temper-
ature. The good properties are obtained when high firing temperature such as 
1000˚C. Analysis of results obtained showed that waste material red mud firing 
at 1000˚C can be used in roof tile manufacture, also the use of this waste could 
be beneficial for sustainable development of the environment.  
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1000˚C

He: Hematite (Fe2O3) = 36.45 % ; 

Q: Quartz (SiO2) = 20.59 %

Cr: Cristobalite (SiO2) = 10.42 %; 

AlO: Aluminum Oxide (Al2O3) = 10.43% 

Or: Orthoclase (KAlSi3O8) = 6.25% ;

IP: Iron Phosphate (FePO4) = 16.67%
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