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Optimization of Synthesis Process for Zeolite 4A Using Statistical Experimental Design
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Abstract
Synthesis of zeolite 4A was carried out to optimize the nanoparticle synthesis process using statistical experimental design
method. The zeolite 4A was synthesized by controlling the concentration of the silicon precursor, sodium metasilicate (SMS),
and characterized by XRD, SEM and nitrogen adsorption. In particular, the property of zeolite 4A can be determined by XRD
analysis. Using the general factor analysis in the design of experiments, we analyzed main effects and interactions according
to the reactor, reaction temperature and reaction time. The optimum reaction condition for the synthesis of zeolite 4A crystal-
linity was using an autoclave for 3 hours at 110 C. Furthermore, the optimal synthesis conditions of zeolite 4A with various

crystallinity using Ludox as a silicon precursor were presented of what using both the surface and contour plot.
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Figure 1. XRD pattem of 4A zeolite synthesized at 100 T for 3 h
with different SMS concentrations.
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Figure 2. SEM images of 4A zeolite synthesized at 100 C for 3 h
with different SMS concentrations (a) 1.1 M, (b) 2.2 M, (¢) 3.3 M.
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Table 1. Surface Area of 4A Zeolites Synthesized with Various SMS
Conditions at 100 C for 3 h
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Table 2. Optimum Synthesis Conditions of 4A Zeolite for Target
Crystallinity Using Ludux as a Silicon Precursor

SMS Concentration (M) 1.1 22 33
Surface Area (mz/g) 287.2 417.2 458.5
Reactor Time (h) Temperature (oC)

70

Crystallinity (%)

Auto Mw Oven 1 2 3 90 100 110

Figure 3. Main effect plot for the crystallinity of 4A zeolite using
SMS as a silicon precursor.
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Figure 4. Interaction plot for the crystallinity of 4A zeolite using SMS
as a silicon precursor.
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Figure 5. Optimization conditions of 4A zeolite synthesis using SMS
obtained from the statistical analysis of the response surface method.
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(%) (© () (%)
100 110 2 95.625 0.956
95 90 4 93.125 0.980
90 90 3 88.125 0.979
85 90 2 75.625 0.890
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Figure 6 SEM images of 4A zeolite synthesized at 110 C for 3 h with
SMS using Autoclave.
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Figure 7. surface and contour plot of the optimum synthesis conditions
of zeolite 4A with various crystallinity using Ludux as a silicon
precursor.
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