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ABSTRACTS 

Metakaolin is a reactive intermediate product of natural clay(kaolin) and zeolite catalysts. Metakaolin and 

zeolite are a very important chemical compound that finds wide applications in many chemical and 

petrochemical industries. This research aimed at converting natural clay (kaolin) to metakaolin and zeolite 

catalysts using the hydrothermal method. The natural clay was sourced from Alkareri in Bauchi State, Nigeria. 

The raw kaolin was first characterized (XRF, XRD) after gotten from the source. 200g of kaolin was 

beneficiated to reduce the particle size and remove impurities. Thereafter the beneficiated kaolin was 

calcinated at 850oC for 2 hours to form metakaolin. The metakaolin formed was also subjected to 

physiochemical analysis (XRD, XRF). Results of the XRD analysis shows that the crystalline peak at 2θ 

is obtained at 13.1°, 20.4°, 25 and 30.90°. 20g of metakaolin was then mixed with 15g of sodium silicate 

and 7.5g of NaOH to form a gel. The gel was left to age for 7 days, the crystals was washed with deionized 

water, and dried to get the final zeolite. The synthesized zeolite was characterized using various techniques, 

including X-ray diffraction and scanning electron microscopy, to elucidate its crystalline structure and 

morphology. The XRD results showed that the active peak achieves tailored zeolite-Y structures with 

enhanced catalytic properties at 2θ equals 6.09°, 12.35°, 20.04°and 30.90 BET results a show surface area of 

650. 162m2/g, pore volume 0.320cc/g and pore diameter 2.105. The SEM result shows clearly the 

morphology of a zeolite particle typical of zeolite -Y or X. The findings contribute to the development of 

efficient catalysts for crucial hydrocarbon transformation processes. 

Keywords:  kaolin, natural clay, metakaolin, zeolite catalyst 

INTRODUCTION 

The production of metakaolin and subsequent conversion to zeolite from local clay, particularly kaolin, has 

garnered significant attention in recent years. Researchers have explored various methodologies and process 

parameters to effectively transform kaolin into zeolite, aiming for cost- effective and sustainable production. 

One important aspect of zeolite synthesis from kaolin is the alkali activation step. Several studies have 

investigated the use of different alkali sources, including sodium hydroxide (NaOH) and potassium hydroxide 

(KOH). For example, Li et al. (2018) reported successful zeolite synthesis from kaolin using NaOH as the 

alkali activator, achieving high crystallinity and good adsorption properties. Similarly, Zhang et al. (2020) 

explored the use of KOH for the activation of kaolin, resulting in the formation of zeolite with enhanced 

surface area and improved cation exchange capacity. The hydrothermal treatment conditions, including 

temperature, pressure, and duration, significantly influence the crystallization and formation of zeolite phases. 

Chen et al. (2017) investigated the effect of hydrothermal treatment temperature on the synthesis of zeolite 

from kaolin and found that higher temperatures promoted the formation of zeolite phases with improved 

crystallinity and surface area. Additionally, the role of reaction time during hydrothermal treatment was 

studied by Wang et al. (2019), who demonstrated that prolonged reaction durations favored the formation of 

zeolite crystals with larger particle sizes and enhanced stability. Characterization techniques play a crucial role 
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in evaluating the quality and properties of the produced zeolite. X-ray diffraction (XRD) analysis is 

commonly employed to identify the crystalline phases present in the zeolite product. SEM imaging provides 

valuable information about the morphology, particle size, and surface characteristics of the synthesized 

zeolite. Nitrogen adsorption-desorption analysis, often performed using the Brunauer- Emmett-Teller (BET) 

method, helps determine the specific surface area and pore size distribution of the zeolite. Several studies have 

highlighted the potential applications of zeolite synthesized from local clay. For instance, zeolite derived 

from kaolin has been explored for adsorption applications, such as the removal of heavy metals from 

wastewater (Wang et al., 2018) and the adsorption of organic pollutants (Li et al., 2021). Additionally, the 

catalytic performance of kaolin- derived zeolite has been investigated in reactions such as the conversion of 

biomass-derived compounds (Zhang et al., 2019) and the selective oxidation of organic compounds (Xu et 

al., 2022). 

MATERIALS AND METHOD 

2.0 : Materials 

The following materials and reagents were used for this research; Kaolin clay from Alkareli, Bauchi State, Zinc 

Chloride, Sodium Silicate, Hydrochloride acid and distilled water. The materials were sourced from the school 

laboratory and open market. 

The equipment used for the research includes weighing balance, magnetic stiller, oven, beakers, muffle furnace, 

measuring cylinder and grinder 

METHODOLOGY 

2.2 Clay  Preparation 

A sample of natural clay was collected from Alkareli, Bauchi State, Nigeria. The kaolin clay was cleaned to 

remove any impurities, such as organic matter, stones, or debris. This was achieved by washing the clay with 

water and allowing it to settle. The settled clay was collected and dried to remove excess moisture. Grinding 

the dried clay was done in a mortar to achieve a finer particle size, which aids in subsequent processing 

2.3 Beneficiation 

400g of kaolin clay was dissolved in 150 ml of deionized water to form a suspension which is decanted and 

the drifts at the bottom were discarded. The solution is allowed to settle for 3hrs and then filtered. The process 

is repeated 3 times then dried at room temperature for 5 days, ground and sieved to a particle size of 

0.046mm 

2.4 Gel formation 

15g of metakaolin was mixed with 34.10g of Na2SiO3, 7.5g of NaOH,75ml of distilled water and stirred at 

room temperature for 7hrs at 700rpm to form a hydrogel. The gel was aged for 3 days at room temperature. 

2.5 Hydrothermal Treatment 

Following the alkali activation, the resulting mixture is subjected to a hydrothermal treatment. This process 

involves maintaining the mixture at a high temperature and pressure in an autoclave or reactor vessel. The 

reaction conditions during hydrothermal treatment are critical for the formation and crystallization of zeolites. 

The hydrothermal treatment is typically conducted at temperatures ranging from 80 to 200 degrees Celsius and 

pressures between 1 and 10 atmospheres. The duration of the treatment can vary from a few hours to several 

days, depending on the desired zeolite type and the specific reaction kinetics. 

The aged hydrogel was transferred into a stainless autoclave and oven heated at 100°C for 7 hrs to form a 

crystal. 
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2.6 Filtration 

The gel is filtered using filter paper to remove the excessive water. 

2.7 Washing 

The gel was washed with deionized water until its pH became 7. 

2.8 Drying 

The washed gel was oven -dried for 8 hrs at 100°C and ground to a powdered form. The final dried solid 

product was characterized by XRD, SEM, XRF and BET. 

RESULTS AND DISCUSSIONS 

3.0 : Elemental composition of raw and beneficiated kaolin 

The elemental composition (XRF) of Alkaleri kaolin before and after beneficiation is given in Table 

3.1. It was seen that silicon and aluminum have the highest concentration with small traces of iron, calcium, 

vanadium, potassium and chlorine when obtained from the mining site, this is in line with what was reported by 

Salami et al. (2019) After the beneficiation the concentration of oxygen, and aluminum decreased by 1%, 

while the concentration of silicon increased by1℅. 

Table 3.1: Elemental composition of raw and beneficiated Kaolin 

ELEMENTS SYMBOLS RAW KAOLIN BENEFICIATEDKAOLIN 

Oxygen O 49.157 48.919 

Aluminium Al 22.351 21.711 

Silicon Si 23.687 24.038 

Chlorine Cl 0.648 0.921 

Potassium K 0.046 0.377 

Iron Fe 0.941 1.178 

Calcium Ca 0.300 0.195 

Vanadium V 0.105 0.106 

3.1 : Chemical composition of raw and beneficiated kaolin 

The chemical composition of kaolin sample collected from Alkaleri and after beneficiation determined by X-

ray Fluorescence is given in Table 3.2. The main compositions of the kaolin samples are oxides of Si and Al 

with concentrations of 50.663 and 42.23 as collected from the mining site respectively. After beneficiation, 

the concentration of silicon oxide increased by 1%, while the concentration of aluminum oxide decreased by 

1%. This also follows the pattern reported by Attah et al (2018.) 

Table 3.2: Chemical compositions of raw and beneficiated kaolin sample from Alkaleri as determined by XRF 

Spectrometer 

Oxide Symbol Raw kaolin Con. (wt%) Beneficiated kaolin Conc. (wt℅) 

Silicon dioxide SiO2 50.673 51.424 
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Aluminium oxide Al2O3 42.231 41.021 

Titanium oxide TiO2 3.861 3.397 

Iron (III) oxide Fe2O3 1.345 1.685 

 

Figure 3.1: XRD pattern of metakaolin 

Figure 3.1 shows the XRD pattern of metakaolin, it can be seen that the crystalline structure 

l 

Figure 3.2: Mineralogical composition of metakaolin 

From figure 3.2, the converted kaolin into metakaolin, shows kaolinite having 33%, Quartz 14.7%, Orthorclave 

17.0%, Illite 13.2%, Albite 10.1%, Muscovite 12% and 0.56%. Similar trends were also reported by Yao et al 

(2018).  
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Figure 3.3: SEM image of Metakaolin 

Table 3.4: Chemical composition of synthesized zeolite 

Oxide Formula Conc (wt%) Mole% 

Silicon Oxide SiO2 55.371 66.116 

Aluminum Oxide Al2O3 35.262 24.812 

Iron (iii) Oxide Fe2O3 1.829 0.822 

Titanium Oxide TiO2 4.383 3.937 

The composition of zeolite was reported in percentage of oxide as shown in Table 3.4, The concentration of 

silicon oxide and aluminum oxide were 55.371% and 35.262% were obtained as reported by Nwosibe et al. 

(2019.) 

 

Figure 3.4: XRD pattern for synthesized zeolite 

Element 
Number 

Element 
Symbol 

Element 
Name 

Atomic 
Conc. 

Weight 
Conc. 

14 Si Silicon 59.97 54.42 

13 Al Aluminium 26.02 22.68 

26 Fe Iron 2.90 5.23 

22 Ti Titanium 2.07 3.20 

39 Y Yttrium 1.08 3.10 
41 Nb Niobium 0.74 2.23 

19 K Potassium 1.57 1.99 

47 Ag Silver 0.55 1.92 

20 Ca Calcium 1.10 1.43 

17 Cl Chlorine 1.07 1.22 

12 Mg Magnesium 0.93 0.73 

15 P Phosphorus 0.71 0.71 

16 S Sulfur 0.63 0.65 
11 Na Sodium 0.67 0.50 
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From figure 3.4, the peak crystallinity at 2θ is obtained at 6.09°, 12.35°, 20.04°and 30. 90°.These trends 

obtained follows similar trends as reported by Salami et al, 2018. 

Table 3.5: BET for the synthesized zeolite. 

 

From Table 3.5, the synthesized zeolite has a surface area of 650.162m2/g, and a pore volume of 0.320cc/g and 

a pore diameter of 2.105 was reported by Alhillo et al (2015), having similar trends. 

 

 Figure 3.5: SEM image of synthesized zeolite  

CONCLUSION AND RECOMMENDATIONS 

In conclusion, the Kaolin was sourced from Alkaleri Bauchi State, Nigeria and characterized, the XRF result 

shows the presence of aluminum and silicon oxide at 42.23% and 50.6% respectively after beneficiation. 

ii. The beneficiated kaolin was successfully converted to metakaolin and later to zeolite -Y. Physiochemical 

analysis of the metakaolin and zeolite formed shows the result is in line with what is obtainable in literature and 

other similar research work done in different parts of the country and beyond. 

Finally, the production of zeolite from local clay holds great potential for various industrial applications. By 

harnessing the natural resources available, we can unlock the benefits of zeolites while promoting sustainability 

and reducing reliance on imported materials. 

4.2 Recommendation 

From the work done, the following recommendations can be put forth 

i. The metakaolin and zeolite produced should can be used for catalytic activities to ascertain their 

effectiveness 

ii. This should be compared with imported zeolite to see the similarities and differences 

iii. Local production of zeolite should be encouraged to reduce importation and enhance the balance of 

trade in the country 

Element 
Number 

Element 
Symbol 

Element 
Name 

Atomic 
Conc. 

Weight 
Conc. 

14 Si Silicon 78.85 72.49 

13 Al Aluminium 11.04 10.73 
26 Fe Iron 3.01 2.70 

22 Ti Titanium 1.02 1.13 

19 K Potassium 1.23 1.09 

20 Ca Calcium 2.15 2.73 

39 Y Yttrium 0.87 2.45 

47 Ag Silver 0.72 2.45 

41 Nb Niobium 0.57 1.69 

16 S Sulfur 0.01 0.92 

15 P Phosphorus 0.87 0.86 

17 Cl Chlorine 0.68 0.76 

12 Mg Magnesium 1.29 1.20 

11 Na Sodium 1.25 1.40 

 

Surface Area 650.162m2/g 

Pore Volume 0.320cc/g 

Pore Diameter 2.105 
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