SYNTHESIS OF ZEOLITE Y FROM NAGAR PARKER KAOLIN
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Abstract
Pakistan is a developing country which has huge deposits of kaolin (China clay) at Nagar Parker in Sindh province and in Khyber Pakhtunkhwa (KPK). The total reserves in Nagar Parker and KPK are estimated to be 4.33 and 2.81 million tons respectively. Nagar Parker kaolin was used as an indigenous source to covert kaolin in to a value added product as zeolite Y with Si/Al ratio 3.57. The kaolin was believed an inactive phase and possess inert Si-O and Al-O structure which was transformed to active phase through fusion at elevated temperature (850oC) and autogeneous pressure in the presence of alkali hydroxide(NaOH).The raw kaolin and final product was characterized by X-ray Diffractometer (XRD), Scanning Electron Microscope (SEM), X-ray Florescence Spectrometer (XRF) and Particle size analyzer.
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INTRODUCTION
Zeolites are hydrated aluminosilicates crystalline materials possess three dimensional structures which are consist of four connected T04 tetrahedra (T= Si and Al) structure joined with oxygen atoms. The physical and chemical properties of zeolites mostly depend upon the silica and alumina content of zeolite which is expressed as Si/Al ratio [1]. Kaolin clay is an important clay mineral which is extensively used as perfect raw material for syntheses of zeolites, such as A, Y, X and some other zeolites with higher Si/Al ratios [2]. In zeolite synthesis the cost and availability of raw material primarily the silica source is a big problem. The chemical silica and alumina source is expensive for formation of synthetic zeolites. However the synthesis of zeolites from clay minerals, fly and coal ashes, incineration ashes, natural zeolites, industrial slag and municipal solid waste is much cheaper than other sources of silica and alumina. The use of kaolin as sources of silica and alumina was observed beneficial by many authors [3]. Kaolin clay having chemical formula [Al2Si2O5 (OH) 4] also known as china clay possess mineral of kaolinite. The kaolin is used for formation of zeolites and for many researchers it a best raw material zeolites synthesis and they are working on various aspects for the preparation of zeolites from kaolin [4].  The high operating costs of petroleum refining industry is due to high price of catalysts for the cracking, reforming, and alkylation. To reduce the operating cost of refineries intensive efforts have been made to synthesize cheap and safe catalyst from local raw and wasted materials such as local clay and fly ash.  Kaolin clay group is an important material used for the synthesis of zeolites [5]. The synthesis of synthetic zeolites is carried out under the similar conditions, those led to arising of natural zeolites, which means mineralizing effects of H2O and OH ions on reactive silica and alumina in the existence of cations. However the formation time of synthetic zeolites is reduced by using high temperature and high pH [6]. The synthetic zeolites could be obtained hydrothermally by heating mixture of water, alkali, silica, and alumina source. The kaolin, rice husks, volcanic glasses (perlite, pumice), diatomite and chemical source of silica and alumina are mostly used raw materials for the synthetic zeolites [7]. In order to activate the clay for the reaction, it has been found necessary to convert the kaolin into metakaolin by thermal treatment. In metakaolin silica tetrahedral layers of kaolin clay structure mostly remained same but AlO4 tetrahedral layers obtained from octahedral layers of original kaolin clay [8]. The kaolin structure possess tetrahedral sheet of silica with alternating octahedral sheet of alumina. These sheets combine together and form a common layer of silica tetrahedron sand alumina octahedral sheets. In this common layer the silica and alumina shared two-third of structure oxygen, so they convert to O instead of OH [9]. Kaolin (China clay) deposits of economic significance Shah Dheri, Swat, (34°53′30ʺN; 72°53′30″E) [9-19] and Nagar Parker district Thar Parker, Sindh (24º 15' to 24º 30'N, 70º 37' to 71º 07' E). [20-35], As in Hazara district and Malakand Division [36, 37]. The total reserve of china clay in the country is estimated at 4.9 million tons [38, 39]. The Shah Dheri kaolin is processed by elutriation, which produces three grades of kaolin based on the physio- chemical properties and particle size [40, 41]. In contrast, the Nagar Parker kaolin is mined and processed by untrained manpower and by unscientific methods.  3.634 million tons of reserves were estimated in Nagar Parker [41-45]. Kaolin deposits are generally classified as either primary (residual or hydrothermal) and secondary (sedimentary) [46-54]. Nagar Parker kaolin is suitable for colored ceramic table and sanitary wares and rubber industries [55-57]. Such economical use of clays has placed great attention on these materials than considerably different other uses of clays. The surface and structural properties of clays enable them to play a special role for catalyst formation [58]. 
MATERIAL AND METHODS
Materials
Materials had been used as received by rigorously following standard safety protocols for laboratory work, Kaolin from Nagar Parker, Sodium hydroxide anhydrous pellets (NaOH), Analytical reagent, Merck, Sodium silicate (Na2SiO3) powder (Merck).
Apparatus
X-ray fluorescence spectrometer (XRF)
XRF is widely used techniques to determine elemental compositions of solid samples especially in soil or powder samples. In this work, XRF (Phillip, MagiX Pro) was used to measure the composition of kaolin samples and synthetic products. The samples were prepared for the measurement by Borate-fusion technique. The tube voltage was 35 kV with current of 30 mA. Every sample was measured using standard procedure suggested by the manufacturer.
Powder X-ray Diffractometer (XRD)
XRD powder pattern are mainly used for the determination of structural properties and the identifications of mineral in solid state in material science. In this work the Bruker, D8 Advance, Powder X-ray diffractometer was used with Kα, Cu radiation to record all of the diffraction spectra at condition: 2θ angle of between 2o and 65o. Cu-target, 35 kV, 35 mA, and scan speed of 0.02 degree/second. Prior to measurement, each sample was prepared using a standard method for powder sample preparation.
Scanning Electron Microscope (SEM)

Morphology, crystal shape and size of the crystalline solid phase could be identified by SEM. The observation was done using a JEOL scanning electron microscope model JSM6380 LV. The solid sample for observation was putted on sample holder of brass stub by using double carbon stick tape. Before the analysis the infrared light was used to dry of sample for five minutes. The micrograph was recorded with 20kV and 5000x magnification.
Particle size analyzer 
The particle size of sample was calculated by wet method through a laser scattering particle size analyzer HORIBA LA-300, Version 3.34. In order to rupture the flocculates the solution was ultra-sonicated for 5 min before analysis. The instrument is correct to within 5% of the mean value as assert by the manufacturer.
EXPERIMENTAL METHODS
To prepare zeolite Y from Nagar Parker kaolin, the kaolin and sodium hydroxide (NaOH) was fused with ratio (kaolin/NaOH=1/1.5 by weight) at 800˚C for 3 hr. Twelve grams of fused kaolin and fifteen grams of sodium silicate (Na2SiO3) were dissolved in required amount of distilled water with constant stirring for one hour. The gel solution with pH range of (13-14) was formed which was aged for different time period and different temperatures to obtain gel slurry which was hydrothermally crystallize at about 100˚C in polyethylene beaker. After the crystallization the resulting precipitate mixture was separated by filtration from the mother liquor. Then the crystalline product was washed with distilled water until a pH value reached to (9-12). Finally the crystalline product was dried at100oC in the electric oven. The final dried solid product was characterized by XRD, SEM, and particle size analyzer.
RESULTS AND DISCUSSION
Mineralogical and Chemical analyses of kaolin
The chemical composition of kaolin sample collected from Nagar Parker determined by X-ray Fluorescence as given in Table 1. The main compositions of kaolin samples are oxides of Si and Al. The Si/Al ratio is found to be 2.5878. High Si/Al ratio is the sign of high SiO2 content as verified by XRF. 
Table 1. Chemical compositions of kaolin sample from Nagar Parker determined by XRF Spectrometer
	Compounds
	SiO2
	Al2O3
	Fe2O3
	MgO
	CaO
	Alkali
	H2O

	Kaolin (%)
	47.2
	31.0
	1.09
	0.84
	2.8
	0.12
	2.06


The kaolin contains mineral impurities of iron, calcium, magnesium and alkalis etc. Therefore zeolites prepared from these kaolin samples are always contaminated with these elements. These impurities may also affect the crystallization mechanism [2]. It has been reported by many researcher that kaolin material having Si/Al ratio closed to unity is appropriate for the synthesis of zeolites. As shown in Fig. 1. and Table 1, the major component of kaolin is Al2O3 and SiO2 contaminated with a small quantities of Fe and trace amounts of Ca and Mg. It can also be observed that the quartz phase does not exist. 
[image: ]Fig. 1: Quantitative analysis of kaolin by EDS
The kaolin sample was examined by SEM. Each micrograph was taken at the electron energy of 20 kV with a magnification 3000. 
[image: C:\Users\Chemical\Desktop\Results and Discusion\Babar Ali_ME_CH Dept\china clay_2.jpg] 
Fig. 2: SEM images of kaolin taken at different magnification
From the micrographs at this scale, the structure of the kaolin samples has some medium and large pores and it can be recognized by its platy and round morphology with loosely packed surface. As shown in Fig. 2 the layer-structure of kaolin some small grains are dispersed over the layers and have some degree crystalline phase. Of interest is that this kaolin possesses both the Si-O and Al-O octahedral and tetrahedral sheets, which creates a charge imbalance in the 1:1 layer and might be a best raw material to synthesize zeolites.
The XRD powder pattern of kaolin samples from Nagar Parker was recorded as shown in Fig. 3. 
[image: C:\Users\Chemical\Desktop\Evaluated\CHN-C1.bmp]
Fig. 3: Powder XRD pattern of Nagar parker Kaolin (China clay)
The pure kaolinite with monoclinic crystalline structure having formula (Al2Si2O5. (OH)4) was identified by using powder XRD diffraction pattern. The sample showed two major clear diffraction peaks showing some degree of crystallinity in kaolin. EDS analysis was confirmed by XRD pattern that quartz peak are not observed in this pattern because the kaolin sample was collected from kaolin press factory where it was washed to remove quartz and other impurities before pressing of kaolin for sale. So from XRD powder pattern result it could be expected that Nagar Parker kaolin would give great quality of zeolites yield because quartz phase was not observed which can be stable phase and resist to conversion of kaolin to zeolites. 
Transformation of kaolin in to zeolite y
The major component of kaolin are SiO2 and Al2O3 which are identified as kaolin having formula (Al2Si2O5. (OH)4) by XRD powder pattern show in Fig. 3. As Si-O or Al-O structures in kaolin are inactive so is difficult to directly synthesize zeolites. To activate such inactive natural clay it is necessary to thermally transform the inert phase into the active phase at elevated temperature in the presence of alkali hydroxide. The alkaline reagent such as NaOH added to the raw kaolin which acts as an activator agent throughout fusion process so the inactive crystalline phases of kaolin can be fully react. So an alkaline fusion step was introduced prior to hydrothermal treatment to pre-activate the inert structure of kaolin. This step also plays an important role in enhancing the hydrothermal conditions for zeolite synthesis because larger amounts of aluminosilicates can be dissolved in acidic or basic aqueous solutions. Kaolin was dry mixed with NaOH powder and the resultant mixture was fused at 800 °C for 3 hours. 
The heat and alkali treatment of kaolin extrudates at this condition changes them into activated fused kaolin extrudates. The fusion in the presence of alkali the kaolin dehydrated by losing its structural water molecule and activates the Ai and Si by creating charge imbalance on them. So Al and Si of kaolin in its activated form are ready to form new bonding with guest molecules and convert as a suitable source for the synthesis of zeolites. Fig. 4. shows XRD powder pattern of fussed kaolin, In general after the fusion of kaolin there are major structural change has been observed in compression with raw kaolin prior to fusion as shown in Fig. 3. However after the activation of kaolin in the presence of alkali at 800 0C for 3 hours there is appearance of related peaks has been observed. These result suggested that, the transformation of kaolinite phase with relatively low peaks into unidentified crystalline phase with relatively high peaks is the indication of kaolin activation in the form of fused kaolin. It is also observed from Fig. 4 upon the dehydration of kaolin by alkali thermal treatment the kaolin converted to activate fused kaolin which is semi crystalline and much more reactive than the starting raw kaolin.
[image: C:\Users\Chemical\Desktop\Evaluated\Fused Kaolinite.bmp]
[image: C:\Users\Chemical\Desktop\Results and Discusion\edited\01A.jpg]Fig. 4: XRD Powder pattern of fussed kaolin 
[image: ]Fig. 5: SEM image of fused kaolin taken at different magnification
Some unidentified peaks are also appeared which may be still remaining un- reacted fussed kaolin or some sodium aluminum silicates phases. Theses undesired by- The SEM images of fused kaolin at different magnification are shown in Fig. 5, In general the kaolin is silicate mineral with di-octahedral 1:1 layer but after the fusion with alkali. It is believed to be an active phase with maximum reactivity in which the tetrahedral silica layers of the raw clay structure are mainly retained closest to AlO4 tetrahedral unit’s resultant from the octahedral layer of the raw kaolin.
Zeolite characterization
X-ray diffraction analysis
The zeolite Y was successively synthesised from fussed kaolin by hydrothermal treatment which was confirmed by XRD powder pattern as shown in Fig. 6. The result reveals that the major peaks of sample were identified as zeolite Y along with sodalite phase. 
[image: D:\BABAR ALI\M.E Thesis\Thesis final work\THESIS\For result and discusion\Babar Ali_ME_CH Dept\Sample9_2.jpg]Fig. 6: XRD powder pattern of zeolite Y
Fig. 7: SEM image of zeolite Y
Some unidentified peaks are also appeared which may be still remaining un- reacted fussed kaolin or some sodium aluminum silicates phases. Theses undesired by- products phases may appeared as the inefficiency in pretreatment process, impurities present in raw kaolin, residual reactants from fussed kaolin and sodium silicate solution which leads to formation of unidentified crystalline phase. The percentage of zeolite Y crystallinity deduced from XRD was 81.4% while sodalite appeared to18.4%. Actually zeolite Y contain polyhedral linked sodalite cages having diameter 6.6 Ao, due to the improper crystallization of sodalite to form sodalite cages for zeolite Y the sodalite phase appeared in analysis. The formation of sodalite and unidentified phase may be reduced further by investigating on synthesis parameter and at initial hydrothermal treatment of kaolin.  Scanning electron microscopy analysis to confirm the outcome of powder pattern the SEM image was taken at 5000x magnification shown in Fig. 7. At this level of magnification the grown crystals of Zeolite Y could be seen clearly and it was examined that the crystals formation of  
PARTICLE SIZE ANALYSIS 
The average particle size and specific surface area of sample synthesized at optimum condition is shown in Fig. 8.  As discussed above the synthesis parameters play an important role on particle size and surface area of zeolite. 
[image: C:\Users\Chemical\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Word\Sample_6.jpg]
Fig. 8: particle size and S.P area of sample synthesized at optimum condition
The homogeneity of final product largely depends upon the synthesis parameters. At optimum synthesized conditions the particle size and surface area of zeolite was found as 19.0596 (µm) and 7282.5 (cm3/cm2) respectively.
SILICA TO ALUMINA RATIO (SI/AL) OF SYNTHESIZED ZEOLITE Y
The physical and chemical properties of zeolites mostly depend upon the silica and alumina content of zeolite which is expressed as Si/Al ratio. The whole properties of zeolites such as, ion exchange property, acid site and acid stability, catalytic activity and selectivity, thermal stability, hydro phobicity and hydrothermal strength are influenced by silica to alumina ratio. It was observed from literature review that higher the Si/Al ratio stronger will be above properties.
Table 2. Composition of synthesized zeolite Y
	Sample No.
	Na2O
	SiO2
	Al2O3
	CaO
	MgO
	TiO2
	Fe2O3
	LoI

	1
	12.1
	47.56
	22.67
	0.33
	0.11
	0.58
	1.06
	15.16

	2
	11.8
	44.40
	26.20
	0.41
	0.11
	0.77
	1.39
	14.14

	3
	10.9
	44.18
	26.90
	0.48
	0.11
	0.74
	0.90
	13.97


In this study after the synthesis of zeolite Y from Nagar Parker kaolin, the silica to alumina ratio (Si/Al) was determined by XRF spectrometry. The three selected sample of zeolite Y was analyzed and little variation in Si/Al ratio was observed. The composition of zeolite was reported in percentage of oxide is shown in Table 2. The maximum Si/Al ratio of zeolite Y was observed as 3.57, which is the indication of good zeolite and has strong ion exchange property, acid site and acid stability, catalytic activity and selectivity, thermal stability, hydro phobicity and hydrothermal strength. 
CONCLUSION 
Nagar Parker region is arid zone. People residing there are facing scarcity of potable water. Vicinity or Nagar Parker has wide reservoirs of kaolin. Composition of kaolin is matching with worldwide kaolin. The zeolite produced form Nagar Parker kaolin was found very well because of ratio of SiO2 and Al2O which is 3.57 while researchers have suggested that for a good zeolite it should be 2 or more than that. In this case it is higher. After production of zeolite it may be used as an adsorbent for removal heavy metals like Arsenic, Boron, and Fluoride from underground water or it would be a used for water treatment. 
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