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Scaling up Hydrothermal Synthesis of Na-A Type Zeolite from Natural
Siliceous Mudstone and Its Heavy Metal Adsorption Behavior
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ABSTRACT : The feasibility of commercializing the hydrothermal synthesis of Na-A type zeolite from
siliceous mudstone has been conducted using a 50-liter bench-scale autoclave and the application of the
zeolite as an environmental remediation agent. Siliceous mudstone, which is widely distributed around
the Pohang area, was adopted as a precursor. The siliceous mudstone is favorable for the synthesis of
zeolite because it contains 70.7% SiO, and 10.0% AlQs, which are major ingredient of zeolite
formation. The synthesis of zeolite was carried out under the following conditions that had been
obtained from the previous laboratory-scale tests: 10 hr reaction time, 80C reaction temperature,
NayO/Si0; ratio = 0.6, SiO/AlLO; ratio = 2.0 and HyO/Na,O ratio= 98.6. The crystallinity and
morphology of the zeolite formed were similar to those obtained from the laboratory-scale tests. The
recovery and cation exchange ion capacity were 95% and 215 cmol/kg, respectively, which are slightly
higher than those obtained in laboratory scale tests. To examine the feasibility of the zeolite as an
environmental remediation agent, experiments for heavy metal adsorption to zeolite were conducted. Its
removal efficiencies of heavy metals in simulated waste solutions decreased in the following sequences:
Pb > Cd > Cu = Zn > Mn. In a solution of 1500 mg/L total impurity metals, the removal efficiencies
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for these impurity metals were near completion (> 99%) except for Mn whose efficiency was 98%.
Therefore, the synthetic Na-A type zeolite was proven to be a strong absorbent effective for removing

heavy metals.

Key words : Na-A zeolite, bench scale, siliceous mudstone, simulated waste solutions, heavy metal
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Table 1. Chemical compositions of natural siliceous mudstone from Pohang (Unit : wt%)
Si0, AbLOs Ca0O Na,O KO Fe,0;  MgO TiO; P,0s MnO Ig. loss  Sum
70.67 10.04 0.03 0.12 1.25 1.95 0.39 0.41 0.04 0.01 13.64 98.86
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Fig. 1. XRD pattern of natural siliceous mudstone
from Pohang. O: opal-CT, Q: quartz, M: mica, S:
smectite.

Fig. 3. The apparatus of hydrothermal synthesis for
the bench scale.
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Fig. 2. SEM photograph of natural siliceous mud- FE FAAALE ofd Al ot AT

stone from Pohang. (A4, 2000).
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Fig. 4. Synthetic process for the production of Na-A
type zeolite using siliceous mudstone by the bench
scale autoclave.
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Fig. 5. X-ray diffraction patterns of products syn-
thesized on laboratory scale (a), and by the bench
scale autoclave without seed solution (b) and with
seed solution (c). A: Na-A type zeolite, Op:
opal-CT, Q: quartz.
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Fig. 6. DTA curves of product synthesized by the
bench scale autoclave without seed solution (a) and
with seed solution (b).
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Fig. 7. SEM photographs of products synthesized by the laboratory scale (a) and the bench scale autoclave

with seed solution (b).
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Fig. 8. Removal efficiency of heavy metals of syn-
thetic Na-A type zeolite with reaction time.
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Fig. 9. Removal efficiency of heavy metals using
synthetic Na-A type zeolite as fuction of concent-
ration.
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