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Abstract

With the rapid development of the electric power
industry in China, the amount of fly ash discharged is
growing day by day, which brings great harm to the
production industry and people’s living conditions. In
this article, hydro-thermal method and alkali fusion
-hydro-thermal method have been used to prepare 4A
zeolite from coal fly ash. The results indicate that the
optimum conditions (calcination temperature 850°C,
ratio of silicon to aluminum in raw material 0.8,
alkalinity of NaOH 2.5mol/L, the aging time 6h,
crystal temperature 90°C and crystal time 24h), the
specific surface area of the prepared zeolite is
605.6m%g. The synthesized 4A zeolite has a uniform
particle size with a narrow distribution. Its shape is
cube and in rules, and all its properties are close to 4A
zeolite purchased in the market.

1.Introduction

Currently, China is the largest country of fly ash
emissions in the world as coal is the main source of
energy. Although in recent years, hydro, wind, nuclear
power and other new type of power generation
technology have got rapid progress, China's coal-fired
power generation still occupies a major position. At
present, fly ash has been applied in the construction,
roads and many other fields, which belong to the type
of extensive utilization with characteristics of low
value addition and technical.[1-3]. Al,O; content in
the fly ash is usually 30~50% in most areas in China
[4]. which equivalent to low grade bauxite in China.
The total Al,O5 content and SiO, content can reach up
to 80%. Therefore, this paper puts forward to using
this kind of high alumina fly ash as material to prepare
4A zeolite [5-8].

4A  zeolite has a

unique shape-selective

adsorption selectivity, choice of shape-selective

catalysis, special ion exchange selectivity and strong
adsorption ability. 4A zeolite is widely used in areas
such as catalysis, sewage treatment and detergent
additives [9]. In addition, 4A zeolite has a strong
calcium ions exchange capacity and has the
advantages of non-toxic, no pollution and good
stability. 4A zeolite has an irreplaceable role in the
replacement of sodium tripolyphosphate as detergent
additives in solving the pollution of the environment
[10, 11].

This paper studied the preparation of 4A zeolite
from high alumina fly ash by direct hydrothermal
synthesis method and alkali fusion-hydrothermal
synthesis method.

2. Experimental

Raw materials content for experiment is shown
in Table 1. The material is come from China Inner
Mongolia Datang International Power Generation
Company, its loss on ignition is 2.89%.

Table 1 Chemical composition of coal fly ash

Com. MgO  Al,Os SiO, CaO Fe L.OIL

Con.(%) 0.48 4295 4190 3.66 4.00 8.2
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The SEM analysis of fly ash is shown in Figure 1
and Figure 2. XRD pattern of fly ash is shown in
Figure 3. Particle size distribution of fly ash is shown
in Figure 4. The morphology of fly ash is mainly
scattered vitreous particles and spherical particles with
smooth surface. There are some irregular shapes,
porous micro carbon particles. Particle size
distribution between 0.5um~50pum. Beads of fly ash
particles are mostly vitreous. The composition is
mainly amorphous SiO, and A1,0;. XRD pattern
shows mineral phases in the fly ash are mullite, quartz

and corundum, amorphous phase also be identified.
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Figure.1 SEM Photograph
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Figure.2 SEM Photograph of coal fiy ash particle
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Figure. 3 XRD patterns of coal fly ash

Figure. 4 Particle size distribution of coal fly ash

Instruments used in this experimental include
muffle furmace, homogeneous reactor, separator,
German Bruker D8 automatic rotating target X- ray
diffractometer using Cu-Ka radiation and Ni filter
with the condition of Tube voltage of 40kV, a tube
current 80mA, scanning range 10~90°, scanning speed
of 8°/ min, step size of 0.01°.

To measure the specific surface area and pore
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volume, the BET specific surface area analyzer
ASAP2020 type is used by nitrogen adsorption at
-196 °'C . BET specific surface area analyzer
ASAP2020 type using nitrogen adsorption specific
surface area of the product were measured and the
pore volume at -196 C.

3. Study of prepared 4A zeolite by direct hydrothe-

rmal synthesis

In order to synthesize zeolite from fly ash
directly (50g fly ash with liquid-solid ratio 5:1), the
NaOH solution was used as activator to decompose
the mullite in fly ash, at the same time, NaAlO, was
added in the solution to adjust ratio of alumina-silica
(molar) close to 1. The effect of concentration of
NaOH on synthesized products was investigated.
After aging at room temperature for 6h, crystallized at
90°C for 12h, the products was washed with distilled
water and dried at 90°C for 8h. XRD patterns of the
synthesized products shown in Figure 5.

As Figure 5 shows, when the NaOH concentr-
ation is 2mol/L, 3mol/L and 4mol/L, the reaction
product is mullite and aluminum silicate hydrate. It is
noted that, with increasing of NaOH, peak intensity of
hydrated aluminum silicate increase, meanwhile, peak
of mullite derease, however, zeolite phase was not
generated. It’s indicating that the higher concentration
of NaOH promoted mullite transformed to hydrated

alu- minum silicate.
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Figure. 5 XRD pattermns of samples by different alkali
concentration
4. Study of prepared 4A zeolite by alkali fusion —
hydrothermal synthesis
10g fly ash and 12g NaOH was calcined in a
muffle furnace at 850°C for 2h, and ground into

powder after cooling. Then mixed with Distilled water



with the liquid-solid ratio 5:1, NaOH and NaAlO, was
added to adjust the silica-alumina ratio (molar) of 0.8
and 2-4 mol/L NaOH, then aging for 6h, and
crystallized at 90°C for 24h, washed with distilled
water and dried at 80 °Cfor 6h. The mineralogy of
products was characterized by X-ray diffraction as
shown in Figure 6.

As Figure 6 shows, when the concentration of
NaOH is low, the dissolution rate of alumina-
containing components is low, and the peak intensity
of generated zeolite is low relatively. With

increasing concentration of NaOH, the dissolution of
the active alumina-containing components increases,
the supersaturated solution is to increase the soluble
alumina species, facilitate the creation of metastable
4A zeolite, therefore, 4A zeolite diffraction peak
intensity increased gradually, with a max at a NaOH
concentration of 2.5mol/L.

With further increase in the concentration of
NaOH, 4A zeolite diffraction peak intensity
gradually weakened, and the sodalite phase was
which high

of NaOH the

generated, indicates  that  the

concentration can  promote
transformation of 4A zeolite to sodalite. This is
mainly due to the high concentration of alkali lead to
low polymerization of the silicate ions in the
solution, and resulting in the generation of sodalite,
which is more stable in the solution [13]. Therefore,
fly ash 4A zeolite synthesis, NaOH concentration

should be controlled at 2.5mol/L.
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Figure. 6 XRD patterns of samples by different alkali
concentration
5. Characterization of the product

XRD pattern analysis

Figure 7 (a) is silica to alumina ratio 1, NaOH
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concentration of 2mol/L. under the direct synthesis of

the XRD pattern of sample. Figure 7 (b) is
temperature 850°C for 2h, silica-alumina ratio of 0.8,
NaOH concentration of 2.5mol/l. at the alkali
fusion-hydrothermal synthesis of 4A zeolite XRD
patterns of the samples.

As shown in the Figure 7(a), the reaction product
is mullite phase and hydrated aluminum silicate phase
for 4A zeolite synthesis experiments and there is no
zeolite phase. However, in alkali fusion-4A zeolite
hydrothermal synthesis experiments, the reaction
products is only 4A zeolite phase. Therefore, under
conditions of low concentration of alkali, alkali melt -

hydrothermal synthesis method is easy for synthetic
4A zeolite.
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(b) alkali fusion-hydrothermal synthesis of 4A zeolite
Figure. 7 XRD patterns of products synthesized by

different method

Morphology of 4A zeolite

Figure 8 shows the morphology difference
between the synthesized 4A (the same conditions as
Figure 7 (b)) zeolite and the commercially available
zeolite sample. As can be seen from the images, the
synthesized 4A zeolite and the sample 4A zeolite is
similar. But the synthesized 4A zeolite contains small

amounts of impurity with uneven and smaller particle

size. Which mainly because the ash contains more



impurities than the 4A zeolite sample. In the
laboratory synthesis process, the alkalinity greater
depolymerization and the formation of silica-alumina
gel more nuclei, so that the crystal growth rate is
higher than the nucleation rate, thereby reducing the

particle size of crystals.

(a) synthesized 4A zeolite by alkali fusion-

hydrothermal

(b) 4A zeolite sample

Figure. 8 SEM images of 4A zeolite

Particle size analysis

For the samples prepared under the following
conditions: calcination temperature of 850°C for 2h;
Si/Al ratio is 0.8, and a concentration of NaOH of
2.5mol/L, we measured the particle size distribution
patterns of alkali fusion-hydrothermal synthesized 4A
samples shows in Figure 9(a), and Figure 9(b) is the
particle size distribution patterns of 4A zeolite sample.
As can be seen from Figure 9, particle size of
synthesized 4A zeolite are mainly distributed between
240.4~534.7um. In contrast, the 4A zeolite sample has
a relatively narrow particle size distribution between
247.8~347 Tum. In addition, the prepared 4A zeolite
has a small portion of particle size distributed around
10pm.

Analysis of N, Adsorption-desorption
10

Figure shows N, Adsorption-desorption

isotherms of the prepared and the commercially
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available 4A zeolite. Table 2 shows specific surface

area and porosity of prepared and sold 4A zeolite.

(a) synthesized 4A zeolite by alkali fusion-

hydrothermal

(b) 4A zeolite sample
Figure. 9 Particle size distribution pattems of 4A

zeolite
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Figure. 10 N, adsorption-desorption isotherms of
prepared and sold 4A zeolite
Figure 13 shows N, adsorption-desorption
isotherm cureves of the prepared and 4A zeolite
sample, both of them have a sharp rise part from the
origin, then close to the level, having a horizontal
section of a clear inflection point. It belongs to I-type
isotherm. But we can see from the N, Adsorption-
desorption isotherms that, there is a Hi-type hysteresis
loop after absolute pressure greater than 60kPa. This
indicates that there exists mid size pores in the zeolite.
It may be due to the second poles formed
between unconverted ash and synthetic zeolite, or
Impurities in coal ash.
It appeared Hj hysteresis loop in the temperature

line where the absolute pressure is more than 60KPa

with some mesoporous specific surface area which



may be due to impurities in fly ash and secondary zeolite.
holes generated from remaining fly ash and prepared

Table 2 Specific surface area and porosity of prepared and purchased 4A zeolite

Samples Seer(m’/g) Stangmui(M”/2) Septo(m’/g) Vipta(cm’/g) Vasu(em’/g)
sold zeolite 723.513 953.4901 693.3659 0.0337535 0.01913637
prepared zeolite 590.437 695.6045 560.8167 0.0313585 0.01043671
As can be seen from Table 2, the BET specific synthesized from fly ash with less impurities or mixed
surface area of 4A zeolite prepared from fly ash is crystal. At the same time, it also shows that the
very high, almost reaching for the requirements of synthesis process of zeolite can effectively convert fly
industrial application of 4A zeolite molecular sieves ash into 4A zeolite.
of 600m%g [14, 15]. In addition, the specific surface Chemical component analysis
area and pore volume of 4A zeolite prepared are both The chemical composition of prepared and
smaller than those of industrial zeolite bought from purchased 4A zeolite was determined by XRF, shown
markets, which is mainly due to the 4A zeolite in Table 3.

Table 3 Chemical composition of prepared and purchased 4A zeolite

Samples Si0O, Al,O4 Na CaO Fe,03
sold zeolite 32.48 28.17 9.18 - -
prepared zeolite 31.28 25.66 9.50 3.94 2.80
As can be seen from Table 3, the main chemical microporous structure. The main chemical composi-
compositions of synthesized 4A zeolite and tions of synthesis 4A zeolite and commercially
commercially available 4A zeolite are basically same, available 4A zeolite are basically the same, but the
but the prepared 4A zeolite 4A contains impurities laboratory prepared 4A zeolite contains a small
such as iron oxide and calcium oxide, which are quantity of impurities such as iron oxide and calcium
mainly due to impurities in raw fly ash. oxide.
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