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RINGKASAN: Zeolite NaY telah disintesis menggunakan abu sekam padi sebagai 

sumber silika. Silika ini telah diekstrak dari abu sekam padi dalam bentuk larutan air 

kaca (waterglass). Perbezaan tahap dan teknik peneutralan air kaca, diikuti dengan 

beberapa prarawatan terhadap mendakan hidrogel, memberi kesan terhadap pembentukan 

zeolite. Kegagalan proses pengzeolitan adalah disebabkan oleh keadaan zarah silika 

dan kandungan air yang tinggi di dalam hidrogel. Zeolite NaY telah berjaya dihasilkan 

daripada mendakan silika yang telah dikeringkan dalam bentuk serbuk dan dari hidrogel 

yang telah dinyahair dengan sempurna. Tempoh masa sintesis juga telah dikaji. 

Pengenalpastian produk dan analisis kuantitatif telah ditentukan melalui teknik belauan 

sinar-X. Kesesuaian abu sekam padi sebagai sumber silika telah dicatitkan. 

ABSTRACT : The silica source for the synthesis of zeolite NaY was extracted from 

rice husk ash in the form of waterglass. The different degrees and techniques of 

neutralization of the waterglass, followed by various post treatments of the precipitated 

hydrogel, affected the zeolite formation. Failure of the zeolitization process was attributed 

to the state of the silica particles and the high water content in the hydrogels. Zeolite 

NaY was successfully produced from the precipitated silica which was dried and used 

in its powdered form, and also from "well-drained" hydrogels. The time taken for the 

synthesis was also investigated. Characterization and quantitative analyses were determined 

solely by the X-ray diffraction technique. Rice husk ash was found to be a suitable 

silica source. 

KEYWORDS: Zeolite NaY, faujasite, silica, rice husk ash (AHA), waterglass, sodium 

silicate, hydrothermal synthesis, gel formation, XRD. 
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INTRODUCTION 

The synthesis of zeolites from natural siliceous · 

materials such as rice husk ash and volcanic 
ash has been reported by various authors 
(Yoshida and Inoue, 1986; Bajpai et al., 1981; 
Dalal et al., 985). In Malaysia, rice husk ash 

(RHA) is available in abundance. Methods to 

generate value-added products from this >vVaste 
product is being investigated. The silica:in 
these natural siliceous sources was either 
used in situ or extracted-generally by alkaline 

dissolution. The synthesis of zeolite X (Na 
form) from RHA has been reported (Dalal et 
al., 1985) but no report of such corresponding 

work on the structurally similar zeolite Y (Na 
form) is available. 

The synthesis of zeolite Y using a chemical 
silica source was documented 27 years ago 
(Breck, 1964). Zeolite Y is a speciality chemical 

that has been used as a molecular sieve, 
where selective adsorption occurs on the basis 
of size and shape of the adsorbate molecule, 

as well as . an active . ingredient in the fluid 
catalytic cracking (FCC) catalysis (Csicsery, 

1984). 

Zeolites are crystalline aluminosilicates. Its 

general formula can be represented as follows: 

where M is a cation of valency n (usually 

sodium). 

The basic building units in the rigid 
framework of zeolites are generated from the 
Si, Al and · O components. The number of 

water molecules (w) determines the porosity 
of the framework. 

Synthetic zeolites are generally produced by 

hydrothermal crystallization of aluminosilicate 

hydrogel at elevated temperatures, after aging 
at a low 'temperature. The basic conditions 

for the synthesis of zeolites are listed in 

Table 1. 

Table 1. Basic conditions for zeolite synthesis 
(Robson, 1978) 
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a) Silica/alumina hydrogel 

b) High pH (> 12) 

c) Temperature, 100-200°C 

d) Super saturation 

e) Static/agitated condition 

f) With/without aging prior to crystallization 

A high pH environment is necessary to initiate 
crystallization. During crystal growth, the high 

pH will reduce the silica content of the end 
product. These two opposing parameters 
explain why high silica zeolites, such as zeolite 

Y, are very difficult to produce without the 
use of tetra-alkylammonium templates 
(Vaughan, 1986) or the crown ether family 

(Delprato, et al., 1989). 



MATERIALS AND METHODS 

Chemical Analysis of the Raw Material 

Four samples of AHA, coded as AHA· 1, AHA0 

2, AHA-3 and AHA-4, were analysed for their 
suitability as siliceous starting material for 
zeolite NaY synthesis. The source of each 
of these samples is given in Table 2. 

Table 2. Source of RHA samples 

Sample Source 

RHA-1 Open field burnt ash 

RHA-2 Same as above but collected a 
year later 

RHA-3 Slow incineration of ash in a 
covered shed, and ground for 
10 h in a vibro mill 

RHA-4 Same as above with no 
reduction in particle size 

Note : The ashes were in general, pinkish 
white in colour. 

Chemical analyses carried out on the AHA 
included determination of silica content 
(colorimetry); aluminium oxide content (titration 
of EDTAwith zinc chloride); ferric oxide content 
(colorimetry); and the oxides of sodium, 
potassium, magnesium, manganese and 
calcium (atomic absorption). 

Extraction of Silica from RHA 

Silica from the AHA samples was dissolved 

in sodium hydroxide under hydrothermal 

conditions, in a 1 litre capacity autoclave, at 
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1 SO'C for 1 h. Pressure filtration was used 
to separate waterglass from the unreacted 
ash residue. 

The mother liquor and the filtrate of the first 
residue washing were analysed for their silica 
and sodium oxide contents. Waterglass was 
subsequently batch produced from AHA-4 
at a N~O:Si02 of 1 :3. 

Precipitation of Silica Gel 

The precipitation of amorphous silica from 
waterglass was carried out using 1.64 M 
sulphuric acid. Initial attempts to precipitate 
silica involved the single addition of a calculated 
volume of acid to a flXed volume of waterglass, 
and subsequent attrition of the precipitated 
solid by ball-mill grinding. This simple 
precipitation technique at room temperature 
was attempted because of its economical 
advantages in the event that the process is 
scaled-up later. 

Another technique of precipitating silica 
involved the simultaneous addition of acid 
and attrition of the precipitates at various 
grinding speeds. This was done to enhance 
the mixing of acid and waterglass, thus 
overcoming the accumulation of low pH areas 
that will favour the formation of silica particle 
aggregates. The precipitated silica was isolated 
by normal filtration using a water pump and 
the pH of the filtrates were determined. 

There were two ways of treating the 
precipitated silica after filtration. In one, the 
hydrogel was packed in polyethylene bags 
without further drying, and allowed to age for 
a few days. The aging period was used to 
investigate the possibility of silica particles in 
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the gel growing with time into large sol particles 

(-50 nm size). Transmission electron 
microscope (TEM) images of the gels 

were obtained to determine the kind of 
silica particles formed with the different 

methods of neutralization of waterglass. 

The other treatment was to dry the gel in an 
oven at 1 OO"C until a fluffy white powder was 

obtained. The silica powder and gel were 

analysed for loss on ignition (LOI), silica 

content and sodium concentration. 

Zeolitization 

The reaction mixtures for the zeolitization 
process were prepared from the gels and 

powders according to the following molar ratio 

compositions : 

N~O:Si02 = 0.3, Si02:Al203 = 8 

and H20:N~O = 40-60 

The sodium and aluminate components of 
the reaction mixture were introduced in the 
form of sodium aluminate solution. The excess 

sodium oxide required was obtained by adding 

sodium hydroxide (assay 94%). Table 3 lists 

the respective compositions of sodium 
aluminate solutions in the zeolitization process. 

SA I was used as the sodium and aluminate 

source for silica gels C-1 and C-11, SA II was 

used for gel C-111, and SA Ill for gel C-IV 
(Table 4). 

The alkali residue in the gels were taken into 
account when determining the actual 

composition of the zeolitization reaction 

mixtures. Calculated quantities of gel, sodium 
aluminate solution and water were mixed in 

a pestle and mortar according to the 

predetermined ratios of Si0/Al203, N~O/Si02 

and H20/N~O. The mixed slurry was then 
placed in 50 ml autoclaves and aged at 
ambient temperature for 24 h. 

The preparation of the reaction mixture using 
dry silica powder was much simpler, especially 

when the aluminate and sodium contents were 

introduced in the form of aluminium hydroxide 

and sodium hydroxide. To follow the changes 
in the mixture during aging, the top layer 

liquid of one of the reaction mixtures observed 
after 24 h digestion at room temperature was 
analysed. This was compared with the liquid 

extracted from the same batch of the reaction 
mixture (control) that was aged for only 1 h. 

Table 3. Sodium aluminate solutions used in the zeolitization process 

Sample Specific Na AI02 Weight Fractions 
gravity (M) (M) 
(g ml·•) Na20 Al20 1 H,O 

SA I 1.302 7.31 2.57 0.17 0.10 0.72 

SA II 1.268 5.42 2.58 0.13 0.10 0.76 

SA Ill 1.284 5.64 2.35 0.13 0.09 0.77 

SA = scdium aluminate solution. 
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Table 4. Properties of hydrogels which were obtained 
from the neutralization of waterglass 

Mode of Degree of 
pH 

LO .. 
Purity of 

Sample 
neutralization neutralization First Aged (%) 

xerogel 

filtrate gel 
(%) 

C-1 A 0.80 9.33 10.38 80.5 70.4 

C-11 B 1.00 6.50 7.60 81.0 73.0 

C-111 B 0.95 7.30 9.50 83.4 87.9 

C-IV c 0.95 7.50 9.70 79.2 90.2 

A: Direct single addition of a calculated volume of acid to a fixed volume of waterglass in a beaker, 
without any form of stirring. The hydrogels formed were then crushed by ball-mill grinding. 

B: Controlled addition of a calculated volume of acid using a pump dispenser into a 5 litre stainless 
steel pot mill containing a fixed volume (600 ml) of waterglass. Continuous agitation was provided 
by the ball-mill at 34 rpm. The attrition medium used was alumina balls of total weight 1.33 kg. 
A total time of 15 mins was taken for the complete addition of 1.12 litre acid. 

C: Controlled addition as in B with variations in the following parameters: reduced volume of waterglass 
(200 ml), decreased rate of acid addition (0.37 litre in 21 mins) and increased grinding speed 
(39 rpm/min). 

• Loss on ignition. 

XRD Analysis 

x~ray diffractograms (XRD) of the RHA 
samples and the residues from the waterglass 
synthesis were obtained using 20 value ranging 
from 3° to 400 at a scanning speed of 20 per 
minute. The interplanar spacing, d, was 
calculated based on the estimated value of 
CU< at 1.54173A. Characterisation was mainly 

a 

carried out by XRD. The experimental d values 
were compared with that of the standard, 
and the Si:AI was calculated according to the 
method established by Breck (1964) . The 

degree of crystallinity of the product was 
determined by comparing the sum of intensities 
of suitable X-ray lines of the sample to 
that of a reference standard (Commercial 
Zeolite Y, coded JRC-2-YS.6). 

RESULTS 

Raw Material Analysis 

The chemical compositions of the four samples 
of RHA are summarised in Table 5. 

Table 5. Chemical composition of the rice husk ash used as silica source 

Sample LO .. Si02 Al20, Fe 20, CaO MgO Na20 K20 Total 
(%) (%) (%) (%) (%) (%) (%) (%) (%) 

RHA-1 0.3 96.17 0.11 0.05 0.29 0.41 0.03 2.75 100.11 

RHA-2 4.0 92.49 0.19 0.05 0.34 0.31 0.04 1.58 99.34 

RHA-3 0.6 95.12 0.19 0.07 0.32 0.51 0.01 1.64 98.57 

RHA-4 0.7 95.38 0.20 0.07 0.35 0.51 0.05 1.58 98.85 

• LOI Loss on ignition. 
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XAD analysis on all four samples of . AHA . 

showed the presence of crystalline silica 

consisting of a mixture of cristobalite 

and tridymite. A typical XAD diffractogram 

obtained from RHA-3 is shown in Figure 1 . 

Although AHA-1 and AHA-2 were obtained 

from the same source, AHA-1 contained more 

tridymite showing that the quality : of 

silica ash varies in the open-field-burnt ash. 

Properties of the AHA-derived Waterglass 

The efficiency of the hydrothermal synthesis 

of waterglass using the various AHA samples 

at 150"C is depicted in Table 6. 

Samples AHA-1 to RHA-4 were prepared 

from N9:zO:Si02 of ratio 1 :2.5 while the AHA-

4# sample was from a ratio of 1 :3. The 
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Figure 1. X-ray diffraction pattern of RHA-3 used as the silliceous 

source for the synthesis of zeolite Na Y. C = Cristobalite, T. = Tridymite 

Table 6. Efficiency of the hydrothermal synthesis of waterglass at 150°C 
... 

Specific Extraction Cone. of Si02 in Cone. of Na20 
Sample gravity of mother liquor in mother liquor capacity• of Actual ratio• 

mother liquor and first filtrate waterglass 
(g ml·•) (g ml·•) 

RHA-1 1.25 0.25 

RHA-2 1.25 0.26 

RHA-3 1.27 0.29 

RHA-4 1.27 0.29 

RHA-4# , 1.29 0.32 

• Extraction capacity is calculated using the formula : 

100*(Si02 in waterglass) 

(Si01 in AHA) 

• Actual ratio of Na10:Si01 refers only to the mother liquor. 
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(g ml·•) 

0.095 

0.094 

0.101 

0.100 

0.096 

hydrothermal of Na20:Si02 

dissolution 

85.7 1 : 2.4 

80.6 1 : 2.4 

96.7 1 : 2.4 

96.7 1 : 2.4 

86.2 1 : 2.9 



concentration of sodium hydroxide used in 

the dissolution of silica from RHA is 3.97M. 

The primary setback to the production of 
waterglass from RHA is in the separation of 
the liquid from the residue. The residues 
retain a significant amount of the waterglass 

and its complete removal is difficult. In adc:frtion, 
the higher the N~O/Si02 ratio, the lower is 
the efficiency of the extraction of silica from 

the ash (Table 6). 

Development of Zeolite Na Y from Rice Husk Ash 

Gel Formation and Zeolitization 

The properties of representative samples of 
the hydrogels precipitated from water

glass and produced from RHA-4 are described 
in Table 4. The gels were used as the siliceous 

source for the various zeolite syntheses. The 
composition of the reaction mixtures, 

preparatory conditions and results of synthesis 
are listed in Table 7. The reaction mixtures 
were all aged for 24 h at ambient temperature. 

Table 7. Composition of the reaction mixtures and their resultant product 
in the zeolitization process 

Aging time Degree of 
Sample of get• Si02 : Al20 Na20 : Si02 H20: Na20 CT crystallinity 

(days) (%) 

C-1 6 11.3 0.37 62.9 24 am 
48 am 
72 am 

C-11 6 11.7 0.25 93.0 24 am 
48 am 
72 am 

C-111 3 8.0 0.35 71 .3 24 am 
48 am 

C-IV 3 8.0 0.40 54.4 48 slightly crystalline 
72 ZeoY 
96 ZeoY 

VN;• . 9.3 0.31 38.7 24 ZeoY 
48 ZeoY 
72 ZeoY 
96 ZeoY 

C-dry• . 8.0 0.28 49.1 48 ZeoY 51 .7 
96 ZeoY 90.4 

144 ZeoY 88.0 

am = amorphous, Zeo Y = zeolite NaY, CT= crystallization time. 

• Commercially available finely-divided silica in dry powder form. 

• Precipitated silica that was dried in the oven at 100°C and used in its eventual powdered form. 

• Refers to the interval between the time the gel was produced and its subsequent use in the zeolitization reaction 
mixtures 
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The degree of crystallinity of zeolite Y in the 
solid product (C-dry) was determined from 
the XRD data according to the equation : 

11 x 100 = percent zeolite Y (Breck, 1964) 

12 

11 = sum of intensities of suitable X-ray lines 
measured on the zeolite Y sample 

12 = sum of intensities of the same X-ray 
lines measured on the zeolite Y reference 
standard. 

A typical XRD pattern of zeolite NaY prepared 
from silica extracted from AHA is shown in 
Figure 2. 

DISCUSSION 

Factors that Affect the Activity of Silica in 
RHA During the Zeolitization Process 

Using hydroge/ as the silica source 

Table 7 indicates that the formation of zeolite 
is closely related to the method of neutralization 

of the waterglass as well as the post-treatment 
of the hydrogel precipitated. Amorphous 
products were obtained in most cases where 

hydrogel was used as the silica source except 
for C-IV. The failure of the zeolitization process 
when the hydrogels were used could be due 

to the unsuitable state of its silica particles 
and excessive water content. Furthermore, 

the formation of nuclei could be a pre-requisite 

for crystallization, and one of the factors that 
determine the success of nucleation is the 
availability and reactivity of the silica. 

Hence, one of the areas of investigation was 
to allow the hydrogel to age in an environment 
that could induce growth of the silica particles 
to an ideal size as shown by Iler (1979) in 

Figure 3. Based on this Figure, the desired 
form of silica for nucleation is the sol form, 

preferably about 50 nm in size, without 

aggregation into three-dimensional networks. 

For this to happen, the silica particles must 

be found in a salt-free, neutral to alkaline 
medium. 
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Figure 2. X-ray diffraction pattern of zeolite Na Y produced from RHA 
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The ideal form of the silica particles exists 
when in a salt-free, neutral to alkaline 
environment where the indMdual silica particles 
can grow in size without aggregating into 
three-dimensional networks. In relation to this, 
aging of the gel was required to be carried 
out in some of our investigations, studying 
the relationship between silica properties and 
zeolite NaY formation because freshly 
prepared silica in the hydrogel could have 
been too small. 

MONOMER 
I 

DIMER 
I 

CYCLIC 

I 
pH < 7 PARTICLE 

or I 
pH 7 • 10 WITH pH 7 • 10 WITH 

SALTS PRESENT /'( nm SALTS ABSENT 

/ ,V '-'l.5nm \. 

/~ /~;/J:>~nm ~\"' 

<,~lf OO•• ,oo-

THREE-DIMENSIO~~ 't) ;, 
GEL NETWORKS v .· SOLS 

Figure 3. Polymerisation behaviour of silica 
(lier, 1979) 

TEM images of the aged hydrogels of C-1 
and C-11 showed that silica particles had 
aggregated into long chain networks. One of 
the possible reasons for the aggregation in 
the midst of an alkaline environment is the 
relatively high salt content generated by the 
unreacted sodium during the neutralization 
stage. Table 8 shows the presence of a fair 
amount of sodium in the hydrogel precipitated. 
Sample C-IV, from which zeolite NaY was 
obtained has the lowest N8:!0:Si02• 

An analysis of the top layer liquid of a reaction 
mixture which did not yield any crystalline 
product is shown in Table 9. Toe large increase 
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Table 8. Sodium and silica concentrations 
in the hydrogel precipitated from waterglass 

Concentration In gel 

Sample Na20 s10. 
Na20 :SI01 

(g per g) 
(g) (g) 

C-1 5.78 46.00 0.125 

C-11 4.48 41.67 0.108 

C-111 2.99 29.78 0.100 

C-IV 1.80 26.97 0.067 

in silica concentration in this top layer liquid 
from 1.6 g 1·1 to 36.9 g 1-1 after 24 h of ambient 
aging shows that most of the silica has 
dissolved in the solution instead of reacting 
with the other components to generate the 
zeolite nuclei. Therefore, a quick way to 
determine whether a certain reaction mixture 
will eventually form crystalline products is to 
note the formation of this top layer liquid at 
the end of the ambient digestion period. The 
absence of the layer can indicate that the 
reaction mixture in the slurry is able to form 
suitable nuclei for crystallization. 

From our observations it was found that proper 
washing of the silica precipitate in the gel is 
necessary to ensure complete removal of 
unreacted acid and salt. It is also important 
that almost all the water is extracted from 

Table 9. Analysis of the top layer liquid 
of a reaction mixture that failed to 
produce any form of zeolite 

Aging 
Compound 

1 h 24h 

Si0 2 (g 1·•) 1.560 36.940 

Na20 (M) 0.900 0.710 

Al20 3 (M) 0.034 0.004 



Journal of Industrial Technology 2 {1) 1992 

the hydrogel prior to aging. The presence of 

excess water in the hydrogel posed a problem 

of controlling the H20:N~O. particularly, 

when sodium aluminate solution was used. 

As observed in Table 7, it was relatively easy 

to produce zeolite NaY from dry silica powder. 

This could be largely due to the easier control 

of the water content in the zeolite reaction 

mixture. Hence, efficient filtration technique 

should be emphasized if the hydrogel is to 

be used as the silica source. 

Precipitating silica from waterglass 

Waterglass contains a high percentage of 

silica which polymerizes into long chains with 

time. The optimum neutralization technique 

should, therefore, involve steps that would 

break these long chains such as dilution, 

precipitation at elevated temperature, and 

simultaneous agitation and acid addition at 

an optimum rate. Rapid mixing is required 

to prevent the formation of low pH areas that 

favour gelation. Thus, one of the factors that 

probably contributed to the formation of zeolite 

NaY from the hydrogel C-IV is the increased 

agitation during the neutralization process 

(Table 4). The mode of precipitation may 

also influence the uniformity of the particle 

size. A heterogeneous distribution of silica 

particles in terms of size and activity in a 

zeolitic reaction mixture may lead to the 

formation of the different zeolite types, hence 

influencing the purity of the zeolite concerned. 

Interfering elements inherent in the RHA 

The inherent mineral ions in the RHA could 

interfere with the formation of the type of 
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zeolite nuclei desired. Potassium ions have 
been reported (Yoshida and Inoue, 1986) to 
intervene with the growth of faujasites because 
of their weaker interaction with the water 
molecules of hydration, compared with sodium 
ions. As observed in Table 5, potassium is 
present in the RHA in the range of 1.5-2.8%. 
Analysis of waterglass by atomic absorption 
shO\Ned that it contained about 0.4% by weight 
of potassium. The precipitated hydrogel must, 
therefore, be throughly washed to remove 
the potassium present. 

CONCLUSIONS 

The studies conducted this far, have been 
preliminary in nature with emphasis on 
developing the appropriate silica material from 
RHA to be used in the zeolite reaction mixture. 
The versatility of RHA is in its application in 
whatever physical form it is available. It 
does not matter how the ash is produced, 
high-carbon black ash generated from furnaces 
that use rice husk as fuel is as applicable as 
the white crystalline carbon-free ash. This is 
because the silica in the ash has to be 
chemically extracted before it is used in the 
synthesis of zeolites. Direct application of 
RHA generally does not produce pure 
homogeneous type zeolite due to the presence 
of a host of oxide elements in the ash. 

It can therefore be concluded that rice husk 
ash can provide a suitable silica source for 
zeolite NaY preparation, provided that the 
silica is effectively extracted into the hydrogel 
or powder form suitable for nucleation and 
crystallization of zeolite NaY. 

The simplified flow chart below shows a 
general summary of the synthesis of zeolite 

NaY from RHA (Figure 4). 



RHA 

Acid 
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Waterglass 

\/ 
Precipitated silica NaOH + Al{OH)3 

\ 
Zeolitization mixture 

Ambient and high 
temperature digestion 

Zeolite NaY 

NaOH 

Figure 4. Simplified flow chart of the synthesis of zeolite NaY from RHA 
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