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Abstract In this work, zeolite NaA was successfully
synthesized by a hydrothermal method using kaolin as a
combined source for silica and alumina. Zeolite NaA with
high static water adsorption was synthesized from the low-
cost raw material, kaolin, and the reaction parameters were
optimized. Metakaolin was obtained by calcining kaolin at
temperatures ranged from 953 K to 1173 K. The synthesis
mixture was pre-crystallized at 343 K and crystallized at
373 K successively. Zeolite NaA was obtained, which was
confirmed by SEM, XRD and the water adsorption
analysis. The optimized metakaolinization temperature
was found at 973 K. The influence of Na,O/SiO, molar
ratio, pre-crystallization time and seed on the crystal-
lization of NaA zeolite was investigated. A thorough
mixing of metakaolin and NaOH solution was favourable
for the nucleation/crystallization rate. The obtained NaA
zeolite under the optimized conditions shows excellent
crystallinity and static water adsorption of 28.0 wt-%,
which was higher than 25.9 wt-% of the commercial NaA
zeolite. Kaolin was suggested to be a feasible and
economical raw material for the practical industrial
applications for NaA zeolite.

Keywords NaA zeolite, kaolin, hydrothermal synthesis,
static water adsorption

1 Introduction

NaA Zeolite is of great industrial importance due to its
molecular sieving, ion exchange and water adsorption
properties. NaA zeolite is generally synthesized from high-
cost chemicals, which limits its commercial application.
With the molar ratio Si/Al nearly equal to 1, kaolin is an
ideal raw material for preparing NaA zeolite. Kaolin was
one of the most versatile industrial minerals and was used
extensively for many applications (Murray, 1986, 1991)
[1]. The synthesis of NaA zeolite from kaolin source was
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started from the 1970s (Breck, 1974; Barrer, 1978) by the
hydrothermal reaction of dehydroxylated kaolin with a
sodium hydroxide solution. After a long exploration,
kaolin has been accepted as the most appropriate raw
materials. Belver et al. [2] prepared metakaolin by
calcination of a natural Spanish kaolin at 600°C, 700°C,
800°C and 900°C. Their results indicated that metakaolin
prepared at 900°C showed a lower reactivity than those
synthesized at the other temperatures. For the synthesis of
zeolites except NaA, other activated methods were also
investigated [3—7].

In this work, NaA zeolite was hydrothermally synthe-
sized from kaolin, and the effect of calcination tempera-
ture, molar ratio of Na,O/SiO,, pre-crystallization time and
the content of seed was investigated, respectively. Under
the optimized conditions, the NaA =zeolite product
exhibited an excellent relative crystallinity and better
static water adsorption capacity of 28.0 wt-% than the
industrial product provided by the Luoyang Jianlong
Chemical Industrial Co., Ltd.

2 Experimental
2.1 Raw materials and chemical reagent

The chemical analysis of kaolin is shown in Table 1.
Sodium hydroxide, calcium chloride, zinc oxide and
EDTA were of analytical grade. Metakaolin was obtained
by calcining kaolin at different temperatures ranging from
953 K to 1173 K, at a heating rate of 5 K/min in a muffle
furnace with a temperature programmer.

2.2 Synthesis of NaA zeolite

Metakaolin was mixed with NaOH solution under fierce
agitation at room temperature. After ageing for 12 h the
reaction mixture was transferred into autoclaves to pre-
crystallize at 343 K and crystallize at 373 K, successively.
The NaA zeolite obtained was washed with deionized
water until the pH =8, and then dried at 318 K for 24 h.
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Table 1 Chemical composition of kaolin/wt-%

ALO; SiO, Fe,03 TiO,

CaO

MgO K,0 Na,O MnO,

445+2.0 51.5+£2.0 <0.5 <lL5

<0.5

<0.3 <0.1 <0.2 <0.004

2.3 Characterization

The NaA zeolite product was confirmed by X-ray
diffraction (XRD) using Rigaku X/Max-2400 with Cu
Ka (A=0.154 nm) radiation at 40kV and 30 mA. The
morphology was characterized by scanning electron
microscopy (SEM) at 30kV, using a KYKY-2800B
instrument.

The static water adsorption amount was measured as
follows: NaA zeolite was calcined in a muffle at 823 K for
one hour, then was sampled into a weighing bottle. The
bottle with NaA zeolite was placed in a humidistat at 308 K
whose humidity was controlled by NaCl saturated solution.
After 24 h, the bottle was accurately weighed. The water
static adsorption @ was calculated by the formulation
below:

 M3-M2

Y= M2-Mm1

where M1is weight of the weighing bottle, M2 is weight of
the weighing bottle and the sample calcined, and M3 is

weight of the weighing bottle and the sample after the
water static adsorption.

x 100% ,

3 Results and discussion
3.1 Effect of calcination temperature

As seen from Fig. 1(c), the product shows characteristic
peaks of NaA zeolite. The calcination temperature of
kaolin was investigated and arranged from 953K to
1173 K. From Fig. 2, the relative crystallinity and the static
water adsorption both dropped slowly when the calcination
temperature increased. However, there was a peak in the
two curves at 973 K. The highest static water adsorption
was up to 28.0 wt-%, which indicated that metakaolin
calcined at 973 K was activated most sufficiently.

3.2 Effect of material ratio

Since kaolin is a combined source for silica and alumina,
when the molar ratio Na,O/SiO, is larger, the content of
kaolin in the unit volume of the reaction mixture becomes
less and the concentration of the OH™ ion becomes larger.
As seen in Fig.3, the static water adsorption amount
generally increased as the reaction time was prolonged,
and reduced slowly with the increase of Na,O/SiO, during
the earlier crystallization stage (crystallization time 2—4 h)
and then increased quickly to the highest 22.1 wt-%
(crystallization time 6 h). The crystallization time on this
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Fig. 1 XRD patterns of kaolin, metakaolin and NaA zeolite
a. kaolin; b. metakaolin; c. NaA zeolite
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Fig. 2 Effect of calcination temperature on the relative crystal-
linity and static water adsorption (Na,O/SiO, = 1.00, H,O/Na,O =
60, pre-crystallization time = 2 h, pre-crystallization temperature =
343 K, seed content = 0%)

condition was selected at 6 h, and a higher Na,O/SiO, was
favorable for synthesis of the NaA zeolite.

3.3 Effect of pre-crystallization time

The raw material, kaolin, influenced the crystallization of
NaA zeolite due to: (1) kaolin was a natural mineral with
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Fig. 3 Effect of Na,O/SiO, on the static water adsorption
a. calcination temperature = 973 K, Na,0/SiO,= 1.50, H,O/Na,O =45,
pre-crystallization time = 2 h, pre-crystallization temperature = 343 K,
seed content = 0%);
b. calcination temperature = 973 K, Na,O/SiO,= 1.71, H,O/Na,O =45,
pre-crystallization time =2 h, pre-crystallization temperature =343 K,
seed content = 0%

low activity; (2) the particle size of kaolin used in this work
was about 10 pm. Metakaolin did not completely dissolve
under the same conditions compared with the synthesis
from traditional chemical materials. The pre-crystallization
course is applied to improve the nucleation and growth of
NaA crystals. As illustrated in Fig. 4, the static water
adsorption amount of pre-crystallizatin at 3 h (24.8 wt-%)
was higher than that of 2h (23.7 wt-%). The longer pre-
crystallization time facilitated the crystallization growth of
NaA zeolite.

3.4 Effect of seed

NaA zeolite would transform into other zeolites when the
reaction time is longer than the synthesis required. The
addition of seed would play an important role in the
synthesis of NaA zeolite, especially when the raw material
is kaolin, which is a natural mineral with impurity. The
relative crystallinity increased with increasing amount of
seed in the synthesis mixture as shown in Table 2. First, the
seed did not have much influence on the crystallization
rate, but was supposed to induce nucleation and thus to
facilitate the next crystallization. The performance of NaA
zeolite, including the relative crystallinity and the static
water adsorption amount, was greatly improved, and this
result was also in line with the XRD results (not shown).
The morphology of NaA zeolite was shown in the Fig. 5. It
could be seen that NaA zeolite well crystallized with cube
shape.
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Fig. 4 Effect of pre-crystallization time on the static water
adsorption

a. calcination temperature = 973 K, Na,0/SiO,= 1.71, H,0/Na,O = 40,
pre-crystallization time = 2 h, pre-crystallization temperature = 343 K,
seed content = 0%;

b. calcination temperature = 973 K, Na,0/SiO,=1.71, H,0/Na,O =40,
pre-crystallization time = 3 h, pre-crystallization temperature =343 K,
seed content=0%
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Fig. 5 SEM of NaA zeolite sample (calcination temperature =
973 K, Na,0/SiO,=1.71, H,O/Na,O =45, pre-crystallization time
=2 h, pre-crystallization temperature =343 K, crystallization time
=6h, seed content =4%)

Table 2 Effect of seed on the relative crystallinity of NaA zeolite®

sample seed/% relative crystallinity/%
S1 1 68.83
S2 2 80.38
S3 4 99.68

a) calcination temperature =973 K, Na,O/SiO,=1.71, H,0/Na,0=45, pre-
crystallization time =2 h, pre-crystallization temperature = 343 K, crystallization
time=6h
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3.5 Advantage of NaA zeolite by this method

Through the above discussions, the optimum conditions of
NaA zeolite from a kaolin source were drawn as follows:
calcination temperature =973 K, Na,O/SiO,=1.71, pre-
crystallization time = 3 h, pre-crystallization temperature =
343 K, seed content=4%. The static water adsorption
analysis of the NaA zeolite obtained under the optimized
conditions along the reaction time was conducted in
comparison with that of the commercial product, and the
result was exhibited in Fig. 6. The highest static water
adsorption 28.0 wt-% of the synthesized sample exceeded
that of the commercial product 25.9 wt-% which was
indicated by the line in Fig. 6.
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Fig. 6 Comparison of static water adsorption of sample and the
commercial product

4 Conclusions

Pure zeolite NaA was hydrothermally synthesized using
kaolin as the raw materials. XRD analysis confirmed an
excellent relative crystallinity, and the static water

adsorption exhibited good results. The surface morphology
was proven to be cubic by SEM. The optimized conditions
for the formation of zeolite NaA were found to be: (1)
kaolin calcined at 973 K; (2) Na,O/SiO,=1.71; (3) pre-
crystallization time =3 h at 343 K; (4) the content of seed
was 4.0 wt-%, and the addition of seed facilitated crystal-
lization. NaA zeolite obtained under the above conditions
had better static water adsorption 28.0 wt-% than that of
the industrial product (25.9Z wt-%) provided by the
Luoyang Jianlong Chemical Industrial Co., Ltd. Kaolin
was suggested to be a feasible and economical raw material
for the practical industrial applications of NaA zeolite.
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