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ABSTRACT 

Waste resulted from aluminum sulfate industry can be used as a source of 

silicate and aluminum. Such waste is called partial de-aluminated kaolin 

which is a solid waste. This work aims at utilizing such waste in the synthesis 

of some zeolites, Cancrinite and Chabazite-Na as two members of zeolite 

family were synthesized from It has been used as source of silica and 

alumina. Alumina ratio can be adjusted by adding aluminum sulfate. 

Cancrinite and Chabazite-Na were synthesized by heating partial de-

aluminate kaolin for 2 h at 130 °C in autoclave. The hydrothermal system 

took 6–8 hours. However, 36 hours ageing at 70 °C was found to be 

synthesized Cancrinite and Chabazite-Na. The products were characterized 

using XRD and Sem . 

Key words: kaolin, Cancrinite, Chabazite, partial de-aluminate kaolin, XRD, 

Sem, aluminum sulfate, autoclave, silica, alumina. 

 

INTRODUCTION 

Zeolites are crystalline, microporous, hydrated alumino-silicates of 

alkaline or alkaline earth. The frameworks are composed of [SiO4]
4−

 and 

[AlO4]
5−

 metals tetrahedral, which corner-share to form different open 

structures. Negative charge of lattice is compensated by the positive charge of 

cations located at specific positions of zeolite framework (Bekkum et al., 
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1991 and Breck, 1974). In most of zeolites the compensating cations are 

usually mono- and divalent metal ions and/or their combinations (Engelhardt 

and Michel, 1987, Takaishi et al., 1995 and Earl and Deem, 2006). In 

accordance with the Lowenstein's rule (Loewenstein, 1954), Al–O–Al bonds 

do not exist in aluminosilicate frameworks of zeolite. Instead of the 

tetrahedral bonded atoms Si and Al, so-called “T-atoms”, others such as P, 

Ga, Ge, B, Be, etc. can exist in the framework as well (Takaishi et al., 1995, 

McCusker and Baerlocher, 2001 ). The synthesis of zeolites in forms suitable 

for industrial applications is of great importance. Barrer’s pioneering work in 

1948 demonstrated that a wide range of zeolites could be synthesized from 

aluminosilicate gels (Barrer, 1948). At present, synthetic zeolites are used 

commercially more often than natural zeolites due to the purity of crystalline 

products and the uniformity of particle sizes (Breck, 1974 and Szoztak, 

1998). However, the preparation of synthetic zeolites from chemical sources 

of silica and alumina is expensive. Such costs may be reduced by the use of 

clay minerals, volcanic glasses (perlite and pumice)(Saija et al., 1983), rice 

husks ash , diatoms, fly ash or paper sludge ash as starting materials(Querol et 

al., 1997, Adamczyk and Bialecka, 2005, , Tanaka et al., 2004, Walek et al., 

2008 and Wang et al., 2008). zeolite has also been developed by the 

transformation of one zeolite type into other zeolite types (Rios et al., 

2007 and Sandoval et al., 2009). Zeolites synthesis involves the hydrothermal 

crystallization of alumino-silicate gels (formed upon mixing an aluminate and 

silica solution in the presence of alkali hydroxides and/or organic bases), or 

solutions in a basic environment. The crystallization is in a closed 
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hydrothermal system at increasing temperature, autogenously pressure and 

varying time (few hours to several days)( Georgiev et al., 2011). The use of 

waste materials in zeolite synthesis contributes to the mitigation of 

environmental problems, generally in the field of water purification, 

removing heavy metals or ammonia, and turns them into attractive and useful 

products. In the present study we used partial de-aluminated kaolin (PDAK) 

to synthesize cancrinite and chabazite. PDAK is the solid waste resulted in 

aluminum sulphate industry. Considerable quantities of this waste material, 

about 150 ton per day. The major constituent of the waste is silica. Kaolin is a 

local ore mined in south Sinai. Kaolin is initially calcined at 750 °C for one 

hour to be converted to the reactive phase "meta-kaolin" before partial  de-

alumination. partial de-alumination of meta-kaolin is done by leaching out the 

structural alumina with sulphuric acid. PDAK contains the basic ingredients 

needed for the manufacturing of zeolites such as silica and alumina. The ratio 

of silica / alumina can be modified by adding either silica or alumina. 

 Chabazite is a small pore size zeolite (dehydrated chabazite has 

apertures of 0.38 nm), with a Si/Al ratio of around 2. As anticipated from its 

high Al content, chabazite is hydrophilic. The aluminosilicate framework of 

chabazite consists of D6R units (double hexagonal rings) arranged in layers in 

the sequence of ABCABC (Breck, 1974). Cation exchange properties of 

chabazite have been extensively studied (Dyer, and Zubair, 1998). Chabazite 

has also been used as shape selective catalysts for ethyl amine synthesis (Ilao, 

et al.,1996). 
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Cancrinite-group minerals are framework aluminosilicates 

(feldspathoids) characterized by a network of (Al, Si)O4 tetrahedra having 

fully ordered Al and Si cations. Their structure consists of parallel six-

membered rings of alternating AlO4 and SiO4 tetrahedra (Grundy and Hassan 

1982). The hexagonal symmetry (P63) results from the stacking of these six-

membered rings in an ABAB... sequence. This stacking gives rise to large 

continuous channels parallel to the 63 axis and chains of smaller decahedral 

(eleven fold) cages along the threefold axes. The large channels contain extra-

framework cations (Na
+
, Ca

2+
, K

+
), anions (CO3

2–
, OH

–
), and H2O molecules 

whereas the undecahedral cages hold [Na·H2O]
+
 clusters (Hassan and Grundy 

1991; Hassan and Busseck 1992).  This work aims at utilizing solid waste 

result from of aluminum sulfate industry as a source of silicate and alumina in 

the synthesis of some types of zeolites. 

 

MATERIALS AND METHODS 

partial De-aluminated kaolin (PDAK) is used as source of silica and 

alumina, the chemicals analysis of (PDAK) is shown in table (1) Aluminum 

sulfate is used as  composite modifier for alumina ratio, sodium hydroxide is 

used as alkali  media Table1. chemical of partial de-aluminate kaolin 

(PDAK). 
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Table (1): Chemical analysis of raw, calcined and partial de-aluminated 

kaolin (PDAK), and zeolites (Chabazite and Cancrinite) 

Cancrinite Chabazite PDAK 
Calcined 

kaolinite 

Raw 

kaolinite 

     Sample (%)  
  

Parameter                      

36 52 85 55 49 SiO2 

29 23 6 39 34 Al2O3 

0.55 0.6 0.4 1.15 1 Fe2O3 

3.5 5 3 3 2.7 TiO2 

- - ˂ 0.2 0.29 0.2 MnO 

0.13 0.11 0.08 0.24 0.21 CaO 

24 12 0.01 0.23 0.18 Na2O 

6.3 - 4.3 0.9 12.5 LOI 
 

Synthesis of chabazite: 

Chabazite was obtained by hydrothermal synthesis in a stainless steel 

autoclave, Gel was prepared, by mixing 200 g of PDAK in NaOH solution  (4 

M) at 130°C for 4h under stirring conditions in plastic reaction beakers (1000 

ml) then 30 g of aluminum sulfate was added , and autoclaved at 2.5 atm 

pressure for 6-8h, the aging step was applied to the gel at 70 °C for 36 h and 

the reactions of zeolitization occurred without agitation. Subsequently, he 

product of the process was washed by distilled water up to pH 9, and then 

subjected to drying at100°C for 24 hours. 

Synthesis of Cancrinite: 

The zeolitic material (Cancrinite) was obtained by hydrothermal 

synthesis in a stainless steel autoclave.  The synthesis of gel was done by 

mixing 50 g of de-aluminated kaolin (PDAK) in NaOH solution (4M) at 

130°C for 4 h under stirring conditions in plastic reaction beakers (250 ml) 

then filtration and 5 g of aluminum sulfate was added to the filtrate, and 

autoclaved at 2.5 atm. pressure for 6-8h, the aging step was applied to the gel 
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at 70 °C for 36 h and the reactions of zeolitization occurred without agitation 

then, the product was washed by distilled water up to pH 9, and dried at 100 

°C for 24 hours.  

Results and Discussion: 

The calcination and de-alumination of kaolinite resulted in formation of 

partially de-aluminated kaolinite (PDAK). The table (1) shows that PDAK 

contains silica and alumina with a ratio 14:1. The calcinations process of raw 

kaolinite before de-alimination deforms the Chrystal structure and transforms 

the raw kaolinite to more reactive phase (meta-kaolinite). (Ajayi, et al, 2012) 

as shown in the XRD of raw kaolinite and calcined kaolinite (Fig 1, 2). Upon 

acidification with sulphuric acid alumina is leached and aluminum sulphate is 

formed. The ratio of Silica /Alumina is adjusted using aluminum sulphate as a 

source of alumina to make the ratio 2.2: 1 The iron and potassium oxide in 

PDAK promote the formation of zeolite (Murat et al, 1992). 

 

Fig. 1 Raw kaolinite 
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Fig. 2 Calcined kaolinite (meta-kaolinite) 

 

Characterization of the products: 

 

Fig. 3  XRD result of cancrinite 
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The starting material and the synthesized products were analyzed using 

X-ray diffraction (XRD), XRD was performed on X-ray diffraction 

equipment model X Pert PRO with Monochromator, Cu –radiation (λ = 

1.5406 Å) at 50 kV.,40 mA and scanning speed 0.02º/sec were used. The 

reflection peaks between 2ϴ =    and 6   , corresponding spacing (d,    and 

relative intensities (I I    were o tained.  

Characterization of cancrinite: 

XRD pattern of cancrinite (Fig. 3) confirms synthesis of pure cancrinite 

without need for structure direction agents. Cancrinite is identified by its 

characteristic X-ray diffraction peaks at the following table : 

Table (2): XRD Peak list of Cancrinite 

Pos.[°2Th] 
FWHM 

Left[°2Th] 
d-spacing Rel.Int. [%] 

13.8702 

16.0314 

18.8703 

21.3022 

24.1649 

27.4593 

32.5356 

34.5605 

35.5625 

36.9642 

39.6750 

41.3357 

42.6186 

48.2096 

50.4333 

51.9246 

53.7054 

57.9019 

0.1968 

0.2362 

0.1771 

0.1968 

0.0984 

0.2362 

0.1574 

0.1574 

0.2362 

0.2362 

0.3149 

0.4723 

0.3149 

0.2362 

0.2362 

0.1574 

0. 0.2362 

0.4723 

6.38484 

5.52863 

4.70281 

4.17110 

3.68307 

3.24822 

2.75210 

2.59534 

2.52448 

2.43191 

2.27178 

2.18427 

2.12144 

1.88767 

1.80953 

1.76101 

1.70675 

1.59265 

48.95 

6.76 

72.85 

19.24 

100.00 

81.98 

38.70 

44.04 

7.53 

24.38 

9.92 

4.80 

28.19 

5.29 

8.68 

15.40 

5.99 

11.49 
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Characterization of chabazite: 

Formation of zeolite chabazite phase was verified by XRD analyses. 

Since zeolite chabazite belongs to the CHA-type zeolite family, characteristic 

peaks associated with the CHA phase should be identified in the XRD pattern 

(assigned as CHA in Fig. 4). X ray diffraction patterns for the chabazite seeds 

are shown in Fig. 4. As it is clearly seen, pure zeolite chabazite crystals were 

synthesized using the developed synthesis procedure. Fig.5 also illustrates 

SEM micrograph of as-synthesized chabazite zeolite seeds. As it is observed, 

the crystal structure of chabazite zeolite is dish-shape. the crystal habits of 

chabazite zeolite is either multifaceted or hexagonal platelets. The crystal size 

of zeolite chabazite is estimated by DLS (Dynamic of light. Scattering) 

observations. As shown in Fig. 5,chabazite crystal sizes are in the range of 

300–1000nm 

 

Fig. 4  XRD result of chabazite  
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In accordance with XRD data (Fig. 4), The quartz and albite associated 

with chabazite the system Chabazite is identified by its characteristic X-ray 

diffraction peaks , in the following table: 

 

Table (3): XRD Peak list of Chabazite 

Pos.[°2Th] 
FWHM 

Left[°2Th] 
d-spacing Rel.Int. [%] 

20.8058 

23.0877 

25.2142 

26.5613 

27.3910 

27.8504 

29.3368 

31.7909 

33.7787 

39.3814 

50.1371 

0.1181 

0.2362 

0.6298 

0.0590 

0.0787 

0.1968 

0.1574 

0.4723 

0.9446 

0.2362 

0.4723 

4.26948 

3.85241 

3.53213 

3.35597 

3.25617 

3.20349 

3.04448 

2.81485 

2.65361 

2.28804 

1.81952 

11.60 

8.48 

4.81 

100.00 

20.83 

10.71 

11.78 

4.61 

2.63 

4.44 

4.47 

 

 

Figure 5. SEM Micrographs of Chabazite 
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Figure 5. SEM Micrographs of Chabazite 

 

Uses Chabazite  in removal ammonia: 

Ammonia removal by chabazite depends upon various factors such as, 

contact time, pH, initial ammonium load. ammonia removal was faster at 

initial contact time because of empty adsorption site and a high concentration 

gradient. the experimental set up performed best at neutral pH range,the 
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adsorption capacity of chabazite increased with an increase in initial 

concentration of ammonia. 

 

CONCLUSIONS 

For improved environmental protection, it is becoming increasingly 

important to find new, promising ways to use wastes such the solid waste 

obtained in aluminium sulphate manufacturing. The synthesis of zeolites 

from this type of waste material is justified as the waste, whose disposal 

constitutes an environmental issue. Furthermore, materials with advantageous 

ion exchange and adsorption properties such as Cancrinite and Chabazite can 

be manufactured for using in environmental technologies such as the removal 

of ammonium ions from drinking water. This approach makes this means 

environmentally and economically feasible for production of synthetic 

zeolites.  

The synthesis reactions that were carried out have shown that, depending 

on the synthesis conditions of the process (i.e., NaOH concentration and 

reaction temperature), several types of zeolites with different channel system 

sizes can be obtained. 
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من كاولين منزوع   cancrinite ,chabazite-Na تصنيع زيوليت
 جزئيا الالومنيوم

                        [3] 
 السيد عبد المنعم أحمد -(٢)نبيل أحمد عبد الله محمد  -(۱)محمد عبد الرازقطه عبد العظيم 

البحوث  قسم (٢ جامعة عين شمس يد الدراسات والبحوث البيئية،معقسم العموم الاساسية،  (1
 شركة الشبة المصرية، والتطوير

 

 المستخلص
ىذه  .والالومنيوم كالمسميالمخمفات الناتجة من صناعة كبريتات الالومنيوم تستخدم كمصدر 

ىذا العمل نيدف الى  فيىى مخمفات صمبو و جزئيا و المخمفات تسمى كاولين منزوع الالومنيوم 
وىما  Chabazite-Na و   ancriniteمثلاستخدام ىذه المخمفات فى تصنيع بعض انواع الزيوليت 

الذى يعتبر مصدر لمسيميكا  جزئيا ن من عائمة الزيوليت الناتجة من كاولين منزوع الالومنيومانوع
-Cancrinite.  Chabazite,كبريتات الالومنيوم بإضافةنسبة الالومنيوم يمكن ضبطيا و  والالومنيوم

Na درجة ۱٠٣لمدة ساعتين فى درجة حرارة   جزئيا من تسخين كاولين منزوع الالومنيوم عيماتم تصني
ساعة  ٠٦ تسخين ساعات وبعد ذلك ٨ -٦يأخذ من الحرارى نظام التسخينو مئوية داخل الاوتوكلاف 

ا ميتم دراستي المذان  cancrinite  Na- chabaziteدرجة مئوية لمحصول عمى ٠٣ عند درجة حرارة
 .يالإلكترون بوالميكروسكو  عن طريق حيود الاشعة السينية

 

 


