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PREPARATION AND CHARACTERIZATION OF KAOLINITE CLAY 

FOR PRODUCTION OF NATURAL POZZOLAN 

Zin Mar Aung1, Mar Mar Swe2 

Abstract 

Kaolinite clay has been modified with thermal treatment for application as pozzolanic material in 

cement. The thermal analysis of kaolinite has been characterized by using Thermogravimetric/ 

Differential Thermal Analysis (TG/DTA). In the result of TG-DTA, the endothermic peak 

(dehydroxylation temperature) has been observed at 542.95ºC. Kaolinite clay has been heat-treated 

at three different temperatures; 600 ºC, 700 ºC, and 800 ºC for two hours duration each. The phase 

analysis of kaolinite samples has been analysed by using X-ray Diffraction technique (XRD). The 

pozzolanic activity of metakaolinite samples has been revealed by strength activity index (SAI). 

Finally, the elemental content of the resultant metakaolinite sample has been analysed by Energy 

Dispersive X-ray Fluorescence (EDXRF). The XRD result has revealed that the original crystalline 

microstructure of kaolinite has transformed into an amorphous one after thermal treatment. 

According to EDXRF analysis, it has been found that kaolinite clay is suitable to be used as cement 

replacement. Based on the XRD and SAI test results obtained, it is revealed that metakaolinite 

produced from the treated temperature at 700 ºC for 2 hours was adopted as pozzolanic material for 

natural pozzolan production.  
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Introduction 

Ordinary Portland Cement (OPC) production releases massive CO2 gases and generates 

SO3 and NOx gases, which caused the greenhouse effect and incurred serious environmental 

impacts. On the other hand, large amounts of energy and virgin materials were consumed in cement 

production. To reduce environmental damage and exploitation of natural resources, the cement 

industry is actively looking for solutions. Hence, several research activities are directed towards 

partial or full substitution of Portland cement with the pozzolanic binder in some applications. 

In recent years, the use of calcined clays as a pozzolanic material for mortar and concrete 

has received considerable attention. One of such materials is metakaolinite (MK), which is 

obtained by thermal treatment of kaolinite clays in the range of 600-800 ºC and mixed with lime 

or cement, MK acts as a highly reactive pozzolana. The production of calcined clay reduces the 

amount of energy used and CO2 emissions because the activation temperatures of clay are lower 

than that of clinker and the decomposition of clays emits water vapor rather than CO2. 

 Based on these backgrounds, an attempt has been made to utilize the kaolinite clay as 

construction materials to partially replace the use of cement in making concrete as pozzolanic 

material. Clay which is suitable to be used as a Pozzolanic material is very widespread and is 

readily available in almost all regions of the world. According to m geological surveys, kaolinite 

clay has been found in many areas of Myanmar. Kaolinite clay used in this study has been collected 

from Taungni Taung in Kyaukpadaung Township, Mandalay Division. 

This research focuses on the effect of treated temperature of kaolinite on its microstructure, 

and the compressive strength of clay-based composite because the clay needs heat treatment before 

using as cement replacement material. Three tests were carried out to establish the pozzolanity of 

kaolinite. The TG/DTA analysis highlights the temperature at which the MK formation phase 

occurred. This does not indicate the exact treated temperature at which the MK with the excellent 

pozzolans is produced. The first two tests (XRD and SAI) help to identify the exact treated 
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temperature. The third test is the chemical analysis of the MK. While the first two tests particularly 

seek to determine the exact treated temperature that produces highly reactive pozzolana, the third 

test was carried out on samples eventually prepared under these conditions. The results of SAI and 

chemical analysis tests are compared with the ASTM (American Society for Testing Material) 

standard for calcined natural pozzolan since this is an internationally accepted standard. 

 

Materials and Methods 

Sample preparation of metakaolinite fine powder 

Kaolinite clay was collected from Taungni Taung in Kyaukpadaung Township, Mandalay 

Division. The raw kaolinite was dried under the sun and ground into a fine powder using pestle 

and mortar. The kaolinite powder was then sieved with a 200 mesh to obtain a fraction with a 

particle size of fewer than 74 μm. The kaolinite sample was analysed by Thermogravimetric 

Differential Thermal Analysis (TG/DTA) before thermal treatment. 

The fine kaolinite powder was treated at different temperatures of 600 ºC, 700 ºC, and               

800 ºC for two hours each in a laboratory furnace. After treatment, metakaolinite obtained from 

treatment was allowed to cool down gradually in the furnace to the ambient temperature. Again 

the treated powder was ground and sieved with a 325 mesh to obtain a fraction with particle size 

of fewer than 45 μm. Finally, the obtained metakaolinite fine powder was characterized by X-ray 

Diffraction (XRD), and Energy Dispersive X-ray Fluorescence (EDXRF). Figure 1 shows the flow 

chart for the preparation of pozzolanic material. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1  Flow chart for the preparation of pozzolanic material 
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Cement mortar processing for SAI test 

The SAI values of metakaolinite samples with various treated temperatures (600, 700, and 

800 ºC) were also determined to support the result of XRD. Figure 2 shows the flow chart for the 

preparation of mortar cubes. The cement mortars were prepared in line with the requirements of 

ASTM C109/C109M-08. Table 1 shows the mixed proportions of various ingredients of the mortar 

specimen. The cement mortar cubes were prepared using a cement: sand ratio of 1:2.75 and a water: 

binder ratio of 0.48. These served as control cubes. Thereafter, metakaolinite obtained from each 

treated temperature was combined with cement at 20% cement replacement. This was used with 

sand in the same ratio to produce its respective mortar test cubes.  

Mechanical mixing was used to combine all of the weighed ingredients. After mixing 

deionized water and cementitious material for 30 s, the sand was gradually added into the solution 

during the first 30 s of mixing.  All of the materials were combined at high speed for the following 

30 s, after which the mixer was turned off for 90 s: the material residues on the bowl walls were 

removed during the first 30 s, and then the mixture was allowed to stand. The mixer was restarted 

at high speed for an additional 60 s after the pause.   

Then the cement mixture was gradually placed into the iron mold, which was made up of 

50x50x50 mm cube specimens, at the end of the mixing period. The hand tamping method was 

used to finish the mortar consolidation in the mold. All of the cube compartments had a layer of 

mortar around 25 mm thick. In four rounds, the mortar in each cube compartment was tamped               

32 times in roughly 10 s each round being at right angles to the other and consisting of eight 

contiguous strokes. The tamping pressure was exactly right to insure that the molds were evenly 

filled. After the first layer was tamped in all of the cube compartments, the remaining mortar was 

poured and tamped as specified for the first layer. After tamping, the mortar was brought to a flat 

surface and flushed with the top of the mold by sawing the straight edge of the trowel along the 

length of the mold. 

The molds were then placed in a moist environment for 24 h. The specimens were then 

taken from the mold and cured for 28 days in saturated lime water.  The cured specimens were then 

allowed to dry in the air for 12 h before being tested for their strengths. Finally, the compressive 

strength values of the mortar cubes were determined using the Compressive Testing Machine. The 

sides of the cubes were loaded uniformly with a compressive strength machine until fracture 

appeared. The maximum load in kN at which fracture occurred was recorded and used to calculate 

the compressive strength as 

𝑅𝑐 =
1000𝐹𝑐

𝐴𝑟
  

Where 

  𝑅𝑐= compressive strength, MPa 

  Fc = maximum load at which fracture occurs, kN 

  Ar = area of a face of the cube, mm2 

For each crushing test, 2 cubes were used and the average was taken for the compressive strength.  

The pozzolanic activity of the metakaolinite samples with various treated temperatures was 

revealed by strength activity index (SAI) test. The average strength for each temperature was 

compared with that for control to give the SAI. The metakaolinite sample with the highest SAI 

value is assessed as natural pozzolan with the highest pozzolanity. This result should agree with 

the result of XRD. Besides, the SAI for each temperature should satisfy a minimum of 75% as 

required for natural pozzolans. 
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Table 1 Mixed proportions of various ingredients of the mortar specimen 

No Materials 
For Compressive 

Strength test 
Remarks 

1 Specimen 50 mm Cube 

Materials required 

for 6 specimens 

2 
Cementitious materials 

( Cement  + Metakaolinite) 
500 gm 

3 Sand 1375 gm 

4 Water 242 ml 
      

              (0, 20 wt.%)                                (100, 80 wt.%) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2   Flow chart for the preparation of mortar cubes 

 

Results and Discussion 

TG-DTA Analysis 

Thermal behavior of starting kaolinite clay was analysed using TG-DTA and shown in 

Figure 3. In the TGA curve, the material has a total mass loss of 13 % at 600 ºC. The mass loss 

was 2.11 % in the temperature range 37. 45-480 ºC, corresponded with the release of free or 

absorbed water from kaolinite surface. The second significant mass loss in the TGA curve was 

10.86% in the temperature range 480-590ºC which was associated with dehydroxylation of 

kaolinite and formation of disordered material metakaolinite. The observed endothermic peak with 

a maximum at 542.95 ºC may be attributed to the dehydroxylation process. 
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Figure 3  TG/DTA curve of Kaolinite 

 

XRD Analysis 

The XRD patterns of raw and treated samples with thermal treatment at 600 ºC, 700 ºC, 

and 800 ºC are shown in Figure 4. It is seen that the mineral constituent of the starting clay is 

kaolinite. Based on XRD result obtained, it has been observed that the original crystalline 

microstructure of the kaolinite has transformed into an amorphous one after thermal treatment. 

Importantly, much broader diffused peaks with maximum intensity at 2θ = 20.910 are observed at 

treated temperature 700 ºC. The amorphous structure is a characteristic of the excellent pozzolanic 

activity of pozzolan material. Therefore, the treated sample at 700 ºC may have potential 

application for pozzolan production.  

 

Figure  4 XRD of kaolinite samples: (a) raw kaolinite; (b) thermally treated at 600 ºC;  

(c) thermally treated at 700 ºC; (d) thermally treated at 800 ºC 
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SAI Test 

The SAI test was used to support the result of the XRD test. The strength index provides 

the pozzolanic activity of MK samples with various treated temperatures (600, 700, and 800 ºC).  

The photograph of the Ministry of Construction’s certificate was shown in Figure 5.  Table 2 shows 

the compressive strength and strength activity index of specimens and the effect of treated 

temperature on the SAI of MK samples was also compared in Figure 6. According to the ASTM 

specification, the SAI for each temperature should satisfy a minimum of 75% as required for 

natural pozzolans. The results obtained show that all of the MK samples with various treated 

temperatures are assessed as pozzolans. The highest amount of SAI value was found in MK sample 

with the treated temperature at 700 ºC. The results obtained from the SAI test are in good agreement 

with XRD results.  

 

Figure 5 The photograph of the Ministry of Construction’s certificate 

Table 2 Compressive strength and strength activity index of specimens  

 

 

 

 

 

 

Sample Name Compressive Strength (MPa) SAI (%) 

OPC 51.72 - 

MK-600 50.19 97.04 

MK-700 59.63 115.29 

MK-800 49.15 95.03 
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Figure 6  Effect of treated temperature on strength activity index of metakaolinite samples     

(dotted line: reference for minimum requirement of natural pozzolans) 

 

EDXRF Analysis 

The chemical composition of MK at treated temperature 700 ºC is shown in Table 3. The 

result was compared with the requirements for classifying a material as a pozzolan as established 

by ASTM. The result of the chemical analysis showed that the resultant MK sample passed the 

ASTM requirements with the constituents of SiO2, Al2O3, and Fe2O3 totaling 98.581%. This is 

more than the required 70% minimum. Another condition was seen to be satisfied as well 

signifying the suitability of the heat-treated clay as a pozzolan. Therefore, the EDXRF analysis has 

confirmed that kaolinite from Taungni Taung, Kyaukpadaung Township is suitable to be used as 

pozzolanic material. 

Table 3  The concentration of detectable oxides in metakaolinite sample 

Oxides Metakaolinite (%) 
ASTM C618-05 requirement for 

pozzolans 

SiO2 58.329 SiO2+Al2O3+Fe2O3≥70% 

Al2O3 40.048              98.581  

Fe2O3 0.204  

SO3 0.762 4% max 

CaO 0.106  

Others 0.549  
 

Conclusion 

This study investigates the effect of treated temperature on kaolinite clay for natural 

pozzolan production. In the result of TG/DTA, the endothermic peak (dehydroxylation 

temperature) has been observed at 542.95 ºC. Moreover, the XRD results clearly showed that the 

originally crystalline structure of kaolinite has transformed into an amorphous one after thermal 

treatment. Therefore, the heating time duration and treated temperature range play an important 

role in this study. EDXRF result has proved that metakaolinite is suitable for pozzolanic material 

due to its high content of silica and alumina. Based on the XRD and SAI test results obtained, it is 

concluded that metakaolinite produced from the treated temperature at 700 ºC for two hours may 

have the potential to be applied as pozzolanic material for natural pozzolan production. 
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