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ABSTRACT 

In this study, the use of the Iraqi bauxite as a basis in the production of thermal insulators and kaolin 

white was added to as a binder in different proportions (0, 5, 10, 15 and 20%wt), zirconium oxide was 

added in different proportions as refractories (5, 10, 15, 20%wt). Rice husks adds with percentage (0.1 – 

0.8%wt). As well as copper oxide by 4%wt to improve the general characteristics of the Iraqi 

refractories bauxite. Formed models manner pressing semi- dry with the addition of polyvinyl alcohol 

(PVA) as a binder. Dried forms by using the electric dryer at (100°C) for a period (24 h), and then 

burned to varying thermal (1300°C, 1350°C, and 1400°C) for three hour. Tests underwent XRD for the 

raw materials and samples, XRF for rice husks.  Physical and mechanical properties and thermal tests to 

assess the prepared models. 
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INTRODUCTION 

 
Refractories are non-metallic, have unarmed scalability high temperature with the preservation of the 

different characteristics, as it has the capability of carrying high temperatures without a break or distort, it also 
maintains different have under the conditions the various operational and the degree of high yield up to more than 
1540°C. Refractories used widely in most manufacturing operations of high temperature, such as the foundry 
furnaces copper and aluminum industry thermal brick and glass, porcelain, cement, etc.....[1]. 

Bauxite: Known are scientifically that sedimentary rocks consists of mineral raw materials, and these raw 
aluminum oxide associated molecule with one or more of the water and the rates of the impurities including 
(K2O,SiO2,MgO) can be classified as bauxite proportion of the presence of alumina to (Gibbsite (γ), Boehmite 
(γ), Diaspore (α)) shown in table-1[2]. 
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Bauxite was discovered deposits of bauxite for the first time in Iraq in 1990 in Hussainiyat area about 65 Km 
north-east of the Alrutbah city in Iraq's western desert, by the geologists of the Iraqi Geological Survey. 
According to as indicated by the results of chemical analysis and found that the bauxite Iraqi contains (36-66)% 
Al₂O₃ ,(14 - 44)% SiO2 and (<2%) Fe₂O₃ [3]. The color of the bauxite is pink but showing multiple colors, 
depending on the percentage of iron, if down it may appear in white color tends to brown, according to the 
proportion of iron [3].  

Use the bauxite draw alumina by Bayer manner, when the burning of bauxite turns Gibbsite Shedding water 
of crystallization to Boehmite and at altitudes temperature turns Boehmite to alumina, as shown to interact 
follows [4]: 

 

 
 
Thus interact alumina resulting with silica in bauxite composed mulite phase, as shown interaction as 

follows: 
       

  
 
Mullite is a composite of silica and alumina (3Al2O3.2SiO2) is used widely in refractories industry. and 

properties has a high melting point 1890°C, extends low thermal, chemical resistance high for molten glass and 
the nature of the chemical evenly, all these features made him an appropriate stage in the industry of 
refractories[5]. 
 
Table 1: Properties of bauxite minerals [2]

 

Diaspore (α) Boehmite (γ) Gibbsite(γ) Properties 
Al₂O₃.H₂O 
aluminum oxide 
hydroxide 

Al₂O₃.H₂O 
aluminum oxide 
hydroxide 

Al₂O₃.3H₂O 
Alumina 
trihydrate 

Common Chemical formula and name 

Orthorhombic Orthorhombic Monoclinic Crystal System 
84.98 84.97 65.35 Alumina content (percent) 
15.02 15.03 34.65 Combined water content (percent) 
3.3-3.5 3. 01-3.06 2.3-2.4 Specific Gravity (g/cmɜ) 
6.5-7 4-5 2.2-3.5 Hardness (Moh's scale) 

 
Kaolin: 

Clays is the one job in the refractories industry, the Clays is a mixture of minerals include Alcaaolinat 
(Al 2O3.2SiO2.2H2O) and oxides including (K2O, MgO, Al2O3, SiO2 …). Located clays in Iraq in the western 
region of Dueklh mines. Characterized kaolin clays on the other clays of physical and chemical characteristics 
unique including the indivisibility and cushion the water, elastic dough high, a few viscosities, inactive and 
ineffective chemically and the melting temperature limits 1780°C [6]  . Get changes Physical and chemical when 
burning kaolin thermal degrees high-including[7]:                                                                                                        

-Loss of restructuring water 100 - 150°C. 
-Turns to Almitakaolin loss of crystal bond with 400 - 600°C. 
-Almitakaolin turns to (SiO2.Al2O3), It is an amorphous material degree 600-900°C. 
-And degree 900 - 1400°C turns to mullite and crystobalite. 
 

Zirconia: 
Discovered Zirconia (ZrO2) by the world German Chemical (M.H.Klaproth) in 1789. Zirconia feature 

(ZrO2) with the characteristics of a good mechanical such durability high, chemical resistance high, inactive 
chemically, high hardness, high degree of fusion, entered in many industries, including dental industry and 
bones biologic applications, in the industry of refractories where add to improve its characteristics [8]. Be 
variable zirconia crystalline structures rise in temperature and the transformation of the reverse order when 
lowering the temperature and owns three crystalline systems (monoclinic, tetragonal, cubic). These 
transformations affect the thermal stability of the product, to get rid of these transformations is the addition of 
the drip zirconia a oxides of working to stop the transition when lowering the temperature (Y2O3, MgO, CaO) 
resulting in two types of zirconia installed (zirconia partially installed and fully)[9] . 

 
Copper oxide: 

The semiconductor mission because it possesses physical characteristics are good, melting copper oxide in 
acid but not melt in the rules or water, intensity 6.4g/cm3 and Its melting point 1235°C and can be obtained from 
the copper oxide, is plentiful, but nontoxic, low-cost [10]. When Cu2O to air and temperatures of up to 350°C 
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could turn into CuO at high temperatures could reverse shift any CuO turns to Cu2O[11].The parameters of 
copper oxides shows in the table-2. 

 
Table 2: Crystallographic parameters of copper oxides [11] 

Oxide  Cu2O CuO 
crystal structure Cubic Monoclinic 
Lattice parameters a = 4.27 Å a = 4.6837 Å 

b = 3.4226 Å 
c = 5.1288 Å 
β= 99.54° 

Shortest distances 
d Cu-O 
d O-O 
d Cu-Cu 

 
1.84 Å 
3.68 Å 
3.02 Å 

 
1.95 Å 
2.62 Å 
2.90 Å 

 
Conducted several studies to prepare light models, including the: studied researcher Mazen[12] in 2006, the 

possibility of improving properties the thermal bricks made from bauxite and genitive alumina and kaolin at 
different rates and in comparison with the global characteristics proved their suitability for lining rotary kilns 
used in the cement industry.                                                                                                     

Salman et al.[13]in 2009 studied the possibility of producing thermal insulation using kaolin and 
porcelanite and added bauxite by 10% and 9% of the oil consumed in order to create pores and found the 
possibility of the use of these substances in manufacturing thermal insulators.                                                                                

Studied researcher Hamid [14] in 2010 to improve properties thermal insulators of the prepared from the 
Syrian kaolin and alumina were added in different proportions, the results confirmed the best characteristics of 
the samples were at 10% of alumina.          

The researcher Mohammed et al.[15] in 2014 studied the physical properties of the bricks thermal insulator 
of add porcelanite to kaolinite, confirmed the results of the tests could be used to produce light refractories.        

 
Samples Preparation: 

Iraqi bauxite was used as the basis, where it was burned in 1350°C for 3h, then was crushed and screening 
particulate size of <600µm. Iraqi kaolin used as a binding agent rates (5,10,15,20%wt) and particulate size of 
<300µm. Zirconia also used as a refractories proportions (5,10,15,20%wt) after adding them to the mixture 
basic (bauxite - Kaolin), and the zirconia particulate size of <1µm. After that has been drying rice husks at a 
temperature of 100°C for 2h and then crushed and sieving particulate size of <300µm and add them to the 
mixture proportions by weight (0.1-0.8% wt) and that the events of porosity in the samples. And finally it has 
been added to the copper oxide emissions by 4%wt as a useful thermal treatment of liquid-phase. The thermal 
treatment at different temperatures are (1300, 1350, 1400°C) for 3h. 
 
Measurements: 
Bulk Density, porosity and water absorption: 

Accounts were virtual bulk density, porosity and water absorption, using the following equations 
respectively [16]: 

 

 
 

  
                   

 
Where: ρ: Bulk Density, (A.P): porosity, W.A: water absorption, , wd is the weight of dry specimen in air 

(g), ws is the weight of saturated specimen in air (g) and wn is the weight of saturated specimen in water (g).                                              
 
Diametrical strength: 

Durability is the one of mechanical characteristics of the mission to determine the ability of ceramic 
materials to bear the stresses of external influences, uses Brazilian test to calculate the diametrical strength 
through the model placed vertically between the two surfaces levels were then shed weight in diagonal and 
record the force that then gets breakage or failure by using the relationship (6) [17].                                        

     
Where: F: Meted force (N), D: Diameter models (mm), d: Thickness model (mm) and σD: diametrical 

strength (N/mm²). 
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Thermal Conductivity: 
By using the Lee's disc was measured thermal conductivity. Calculate the amount of heat transmitted 

through the models (e) W/m2°K of the following relationship [18]: 
 

 
After the account (e) make up the following equation to calculate the thermal conductivity coefficient (K): 

 
Where: I: Current flowing (A),V: Processed voltages(V), TA,TB,TC: Degree heat discs (A, B, C) , 

respectively (°C), r: radius disc (mm), dS: Thickness model(mm), dA,dB,dC:  Thickness of the disc (A,B,C) 
respectively (mm).    

 
RESULTS AND DISCUSSION 

 
Use the rice husks in the preparation of light models, were burning rice husks to varying degrees heat of 

(50°C-1400°C) and at a temperature of laboratory temperature, as well as 50°C cannot be grinding the rice 
husks, but when dried at a temperature 100°C been grinding rice husks easily ceramic mill, fig.(1) shows the 
effect of the temperature on rice husks. 

 

                           
 
Fig. 1: The influence temperature on rice husk 

 
Bulk Density Porosity and Water Absorption: 

Fig.(2) shows the influence of the proportion of raw kaolin on the bulk density. Own models, which contain 
a proportion of kaolin 10 % higher apparent density. Fig.(3) shows the bulk density change with the addition of 
different percentages of zirconia to thermal mixture, increased bulk density increase ratios zirconia added 
thermal mixture. 

 

                                      
 
Fig. 2: The influence of the added amount of Kaolin on apparent density. 
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Fig. 3: The influence of the added amount of zirconia on apparent density. 
 
Testing was conducted bulk density of light models at temperatures (1300°C, 1350°C and 1400°C) to 

choose the best temperature with the addition of rice husks and copper oxide with percentage 4%wt. Fig.(4) 
shows the effect of temperature on the bulk density. Fig(5) shows the effect of temperature on the Porosity and 
the rate water absorption. The density change with ratios rice husks and at different temperatures and the results 
showed that the highest percentage of rice husks can be used is the ratio 0.4%, where after this ratio starts 
fragmentation models and cannot compress well to get good models. It is the shape it is clear that the effect of 
temperature on the density converge of different temperatures and whenever the density is less in the 
preparation of light models were best for the preparation of thermal insulators, but the problem we have 
encountered is the fragility of the models, but when the temperature 1400°C was good models in terms of 
consistency and durability, appearance and density, which it reached the limits (1.65g/cm³) at the rate of rice 
husks 0.4%. 

 

 
 

Fig. 4: The influence of the added amount of Rice husks on apparent density 
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Fig. 5: The influence of the added amount of rice husks on 
 
a: apparent porosity b: Water Absorption: 

Fig.(5) shows when an increase the temperature sintering decreases ratio of the porosity and water 
absorption, due to the high temperatures and the added oxides, which works to close the pores during the 
process sintering, the adoption of the temperature 1400 C˚ in the production of light models. 
 
Diametrical strength: 

Was calculated diametrical strength using the relationship (6) , a test Brazilian models refractories we have 
noted with weak durability models have breakage in the models into two halves about either high durability 
models and due to be glass phases and eccentric other when high temperatures have breakage in thermal models 
more crush indicates that the stress is concentrated not in the middle area, but spread to the farthest distance to 
vulnerable areas and then gets the break, fig.(6) shown models thermal insulators of added zirconia and copper 
oxide and various proportions of rice husks.  Where he found thermal insulators with low diametrical strength 
because of the low density and increased porosity ratio. 

 

                              
 
 

Fig. 6: The influence of the added amount of rice husks on an diametrical strength. 
 
Hardness: 

Testing conducted Moh's hardness on light models, as shown in fig.(7) and found that the light models of 
the low hardness due to a low density and ratio porosity is very high. And the best temperature to produce light 
models when the 1400°C because it has a higher hardness, followed by the temperature 1350°C and finally 
1300°C, in this temperature the light models are fragile and incoherent. This is where the unexpected whenever 
increases rice husks percentage increases porosity and this property is important and very useful thermal 
insulation because the more the pores and small size less thermal conductivity. 
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Fig. 7: The influence of the added amount of rice husks on a Moh's hardness 
 

Thermal Conductivity: 
Thermal conductivity was calculated for light refractories models using relationship (8), including the 

refractories overlapping materials consist of multiple phases, including the phase cristobalite, one of the phase 
with a low for thermal conductivity is working to reduce the thermal conductivity of thermal models, when the 
temperature 1350°C the thermal conductivity value of (0.792 W/m°C) either at the 1400°C the thermal 
conductivity of the samples reached (1.033 W/m°C ˚), be Inverse relationship between porosity and thermal 
conductivity because the air that fills the pores acts as a buffer, positive relationship with a bulk density and 
thermal conductivity. 

The value of thermal conductivity depends also on the type of material used in the preparation of 
refractories, as well as particle size of the materials and the porosity. 

 
X-ray diffraction: 

Testing was conducted X-ray diffraction of the materials used in the production of thermal insulators, as 
illustrated in figures (8,9,10). It shows the XRD scheme as shown in fig.(8) bauxite before burning that the Iraqi 
bauxite consists of Boehmite and Alcaaolinat and Gibbsite. Fig.(9) shows the XRD scheme for raw kaolin that 
consists of a metal kaolinite with the presence of quartz, and fig(10) It represents a spectrum of X-rays, rice 
husks with heat treatment 1400°C for 3h, which is the phase dominant that silicon dioxide type of tridymite in 
addition to cristobalite. When burning bauxite at 1350°C shown in fig.(11), mullite developed consists in 
accordance with the chemical equation (2) as a result of union alumina with silica with a small percentage of 
quartz. 

Fig.(12) shows the XRD scheme for models thermal insulators, from the figure the final phases models 
prepared at a temperature sintering 1400°C are; Trolleite, Gibbsite, Doyleite, Zircon and  Laumontite. 

 

                                 
 
Fig. 8: XRD planned bauxite before burning. 

 
 

G Gibbsite  
K Kaolinite  
B Bohmite 



 

8                              Ghazi Kamal Saeed et al., 2016/ Journal of Applied Sciences Research. 12(6) June 2016, Pages: 1-10 

 

                                  
 

Fig. 9: XRD scheme raw kaolin 
 

                                   
 

Fig. 10: XRD scheme rice husks. 
 

                                  
 

Fig. 11: XRD scheme bauxite after burning. 
 

K  Kaolinite 
S   Quartz  
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Fig. 12: shows the XRD scheme for models thermal insulators 

 
X-ray fluorescence: 

Testing was conducted X-ray fluorescence of rice husks after heat degree burning 1400 °C It was obtained 
by silica phase in the rate of 86.19%.  

  
Conclusions: 

• Increases the porosity ratio adds rice husks, making it a low- thermal conductivity. 
• To improve the mechanical properties with the addition of copper oxide. 
• To improve the mechanical properties with an increased proportion of zirconia added. 
 

REFERENCES 

 
1. Bhatia, A., 2012. "Overview of Refractory Materials" Continuing Education Provider, Inc., pp: 3. 

2. Udall, S.L., W. Pecora, 1978 "Bauxite Reserves and Potential Aluminum Resources of the World", Library 
of Congress catalog, Inc., p: 15. 

3. Ahmed AL-Jubory, S. and E. Mohammed AL-Badrany, 2009. "Effect of Zirconia (ZrO2) Addition on Some 
Characteristics of Iraqi Bauxite Refractories",  Journal of Engineering and Technology, 27: 468.  

4. Al-Amer, E.H. and M.F. Al-Kadhemy, 2015. "Improving the Physical Properties of    Iraqi Bauxite 
Refractory Bricks", Journal of Al-Nahrain University, 18: 67. 

5. Anggono, J.,  2005. "Mullite Ceramics: Its Properties, Structure, and Synthesis", Journal Teknik Mesin, 7: 
1.  

6. Mohammed, M.J., 2011. " Separation of Iron Oxide From Clays Kaoline Hydro Metallurgy Way " , Anbar 
Journal for Engineering Science, p: 114. 

7. Hammed AL-Hazaa, S., 2009. " The possibility to Prepare a Casserole for Floors and Walls of an Iraqi 
Local Raw Materials Tiles", Kirkuk University Magazine, folder, 4: 21. 

8. Volpato, C.A., L.G. Garbelotto, M.C. Fredel and F. Bondioli, 2011. " Application of Zirconia in Dentistry: 
Biological, Mechanical and Optical Considerations", Published in print edition September. 

9. Ali,  S.A., S. Karthigeyan, M. Deivanai and R. Mani, 2014." Zirconia: Properties and Application  - A 
Review", Pakistan Oral & Dental Journal., 34(1): 178-183. 

10. Husain, N.A., 2011. " Study the Properties of Optical Films of Copper Oxide Prepared in a Manner 
Chemical Spraying and Thermal Effect of Radiation on the Gama ", Mustansiriya magazine Science, 23. 

11. Ajeel, H.M., S.B. Jamil, A.A. Jabor and E.H. Nassir, 2014."The Effect of Annealing on the Structural and 
Optical Properties of Copper Oxide Thin Films Prepared by SILAR Method ", Journal Baghdad for sci., 2: 
718. 

12. AL-Amaireh, M., 2006. "Improving the Physical and Thermal Properties of The Fire Clay Refractory 
Bricks Produced From Bauxite", Journal of applied sciences, 6(12): 2605. 

13. Kalaf, S., A.S. Cerwan and A.F. Mohammed,  2009. " Employment of Clay Minerals and Rocks Associated 
With Them Through the Addition of Bauxite Burned in Thermal Insulation Manufacturing ", Journal of the 
Euphrates Agricultural Sciences, folder, 2: 164. 

14. Abdulah AL-Falahi, H., AJES-2010. " Improve the General Specifications for Thermal Insulation Prepared 
From Raw Kaolin Syrian", 3(2): 91. 



 

10                              Ghazi Kamal Saeed et al., 2016/ Journal of Applied Sciences Research. 12(6) June 2016, Pages: 1-10 

 

15. AL-Taie, M.H., A.H. Ali and A.F. AL-Attar, 2015. "Study the Physical Properties and Thermal , 
Conductivity of Light Weight Refractories Bricks Produced by Adding Porcelainite to Kaolinite" Eng.& 
Tech – Journal., 33: 51. 

16. Berger, M.B., 2010. " The Importance and Testing of Density, Porosity, Permeability, Pore Size For 
Refractories ",The Southern African Institute of Mining and Metallurgy Refractories Conference. 

17. Procopio, A.T., A. Zavaliangos and J.C. Cunningham, 2003. " Analysis of the Diametrical Compression 
Test and the Applicability to Plastically Deforming Materials ", Journal of  Materials Science, pp: 3629-
3639. 

18. Samuel, O.S., B.O. Ramon and Y.O. Johnson, 2012. "Thermal Conductivity of Three Different Wood 
Products of Combretaceae Family; Terminalia superb, Terminalia ivorensis and Quisqualis indica ", Journal 
of Natural Sciences Research, 2: 9. 
 
 


