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INTRODUCTION 

Up to now, we have been studying the fly ash provided by PECO Energy. This ash has a 
composition, 52 wt% Si02,30 wt% Al203,lO wt% Fe304, and others. Previously we have shown 
that this particular ash, which will be called Eddystone I, can be converted to faujasite and zeolite A 
at 38°C curing. In the last three months, we began to investigate whether the same treatment 
procedure can be applied to other ashes. Ashes from three different power plants were solicited and 
studied. In order to overcome the problem of wide variation in composition, a general approach 
needs to be found to treat different ashes. Following Shigemoto et al.l, we adopted a fusion method 
that combines NaOH and silicon source more efficiently than simple dissolution of silicate in NaOH 
solution. 

EXPERIMENTAL PROCEDURE 

The composition of ash was studied by EDX in SEM. The synthesis of zeolites from fly ash 
solution has been described in earlier reports. A new synthesis was initiated in which fly ash is 
mixed with NaOH powder and fused at 550°C. After fusion, the powder was dissolved in water, 
followed by aging and heat treatment for the precipitation of zeolites. During the experiments, 
samples were taken out of the container for X-ray diffraction study. Also, to obtain quantitative 
information about the amount of zeolites formed, we added BaTi03 in the mixture and use it as a 
standard in the X-ray measurement for the amount of zeolites obtained. The relative amount of 
zeolites formed can be monitored by studying the relative height of intensity of B a T i a  and the 
zeolites. The curing solutions were characterized by Atomic Absorption spectroscopy for the ionic 
concentration of Si, Al, and Fe. The amount of mullite and quartz in the fly ash was characterized 
using an internal standard method in XRD. 

RESULTS and DISCUSSION 

The composition of the three fly ash studied by EDX in SEM was shown in the following: 

Eddystone I 
Eddystone I1 
Gaudey 
Con emi au g h 

S io2 
52% 
65% 
69% 
49% 

A1203 
30% 
28% 
21% 
24% 

Fe304 
10% 
2% 
4% 
22% 

Others 
8% 
5% 
6% 

-. 5% 

It is shown that ashes from different power plants have different compositions. Even a 
same power plant has some variations as can be seen in the differences between Eddys 
Eddystone 11. 

indicating that fusion is very effective in extracting the silicon source in the fly ash. 
dissolves readily in water and we expect more silicates in the solution and a higher 
faujasites. The XRD intensity of faujasite relative to that of BaTi03 is shown in Fig. 
of curing time. The curing temperature studied was 60°C. As a comparison, earlier r 
Eddystone I processed without fusion is also included. Fig. 1 shows that the fusion method can form 

X-ray diffraction study on the fused powders showed a large amount of sodiu 
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faujasite earlier and the yield is higher than that of the earlier approach without fusion. In fact, using 
the previous approach of curing fly ash solution at various temperatures, no faujasite can be formed 
from the three ashes. Therefore, fusion is shown to be a general method for treating fly ash, 
regardless of the composition variations of the ash. 

Moreover, we performed the chemical analysis of the solution as a function of curing time 
using Atomic Absorption spectrocopy. Fig.2 shows the concentration of Si and A1 in the curing 
solutions for Eddystone I1 and Gaudey. It was found that after 2 days, the concentration of A1 is 
negligibly small and the Si concentration begins to saturate. This result indicates that AI may be the 
controlling species in the formation of faujasites. Because silicon species dissolves more slowly, 
after two days, there are still more silicon dissolving resulting in the increase of Si concentration after 
two days. However, A1 dissolves much faster and is consumed at about 2 days which corresponds 
to the beginning of saturation of the yield of faujasites. There was very little Fe in the curing 
solutions indicating that Fe did not participate in the synthesis. The higher yield of Conemiaugh ash 
than the other two ashes is very interesting. It was first thought that the high concentration of Fe304 
may have an effect on the synthesis of faujasite. However, the Atomic Absorption results implies 
that Fe does not involve in the synthesis. 

Another possible reason for the different yield for different ashes may be the amount of 
crystalline component is different. To see whether this may be a possible factor, we measured the 
amount of the crystalline phases, mullite and quartz, of the 4 ashes. The results are shown in Table I. 
Each fly ash was analyzed three times and the variation in the three analyses was quite large. Due to 
the large variations in the data, we did not attempt to draw any conclusion from this at the moment. 

CONCLUSIONS and FUTURE PLAN 

It is shown that a general fusion method can convert various ashes with wide variations in 
composition into faujasite. Fusion of NaOH with fly ash produced a large amount of sodium silicate 
which can be easily dissolve in aqueous solution. The higher amount of Si in the solution gives rise 
to a higher yield of zeolites from the fusion method. Furthermore, the atomic absorption study on the 
ionic concentration in the curing solutions showed that A1 may be the controlling parameter in the 
synthesis. Once the A1 is consumed, the yield of zeolite saturates. 

In the next three months, we will test the ion exchange capacity of the faujasites synthesized 
by the fusion method. Form the higher yield of zeolites measured from XRD, we expect higher ion 
exchange capacity for the zeolites converted form fusion. In addition, we will investigate ways to 
recycle the converted zeolites for ion exchange applications. The zeolites that have been ion 
exchanged will be treated to retrieve the exchanged ions so that the zeolites can be reused for further 
ion exchange application. 
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1. Crystallinity analysis of Fly ash from Eddy.1 

1 2 3 

Quartz (wt%) 6.28 3 6.7 

Mullite (wt%) 21.6 8 9.5 

2. Crystallinity analysis of Fly ash from Eddy.2 

1 2 3 

Quartz (wt%) 3.65 2.6 0.96 

Mullite (wt%) 17.7 13.4 6.95 

3. Crystallinity analysis of Fly ash from Goudey 
1 2 3 

Quartz (wt%) 20.2 8 4.9 

Mullite (wt%) 29.9 10.1 9.1 

4. Crystallinity analysis of Fly ash from Conemiaugh 

1 2 3 

Quartz (wt%) 4.6 3.1 3.4 

Mullite (wt%) 8.7 19.7 8.7 


