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INTRODUCTION 

In the last three months we studied the phase composition of the fly ash in ord 
understand the important parameters in the zeolite formation process using fly ash. In 
since the zeolites exist in powder form, for practical applications, some ways of bindi 
a piecc of material is necessary. For that purpose, we began exploring ways of forming porous 
materials using fly ash. It was found that mixing fly ash, phosphoric acid, and calcium oxide can 
generate aporous material with good integrity. Meanwhile, the research on forming mesoporous 
materials from fly ash continued. Some results on the formation of double lamellar phase was 
found during the study. 

PHASE ANALYSIS IN FLY ASH 

Fly ash was treated with HC1 and HF to dissolve the iron oxide and the glassy phases in 
the fly ash. The fly ash treated by HC1, and both HC1 and €IF, were studied by X-ray diffraction 
to characterize the amount of crystalline phases. The amount of crystalline phases such as mullite 
and quartz was measured by the internal standd method in which a calibration curve of known 
quantity of quartz and mullite was generated. 

The procedure for the HCl treatment is described below. Pour carefully 80 ml of HCl 
solution (38 wt%> into a beaker with 30 g of fly ash. The solution was left for 42 hrs (covered) 
and it was stirred after 24 and 42 hrs. The solution was centrifuged and the sediment was rinsed 
with distilled water for 6 times. The treated fly ash was dried and weighted. 

The HC1-treated fly ash was further treated with HF to dissolve the glassy phase. Pour 
carefully the 350 ml of 1 % HF solution into a beaker with 3.5 g of HC1-treated fly ash. Leave fly 
ash solution for 16 hrs (covered) and stir after 16 hrs. The treated solution was centrifuged and 
rinsed with water just as the procedure for HC1 treatment. 

It was found that the HCl treatment results in = 14.8% of weight loss whereas the HF 
treatment results in = 45% weight loss. The results of X-ray analysis of the crystalline content in 
the fly ash is summarized in the following Table. The study was done by comparing the area under 
the curve of characteristic peaks in the X-ray pattern for quartz, mullite and nickel where nickel 
was used as a standard. 

Average (wt%) 
Quartz Mullite 

Fly Ash 6.21 16.64 
HC1-trea ted 1.40 9.62 
HJ? and HC1-treated 9.02 34.49 

Median (wt%> 
Q u m  Mullite 
6.0 1 15.63 
1.50 8.29 
7.04 15.63 

POROUS MATERIALS FROM FLY ASH 

Attempts have been made to a binder that can bind the converted fly ash into a piece of 
material. It was decided from various trials that the phosphoric acid is a good candidate. Different 
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ratios of fly ash, H3P04 and CaO were examined i.e. 14 g ofH3P04, 14 g of fly ash and 0.8 g of 
CaO 13.5 g H3P04, 10 g fly ash and 1.2 g of CaO; and 10 g of fly ash, 10 g of €€,PO4 and 1 g of 
CaO. The fly ash was added slowly to the H3P04 and the solution was kept stirring. After all the 
fly ash was mixed with the H3P04, the CaO was added. A paste like material was formed from the 
mixtures. After all the CaO was incorporated to the mixture, it was placed in a furnace at about 
60°C over night. Following the heat treatment at 6OoC, the material was treated in a furnace for 2 hr 
at 500°C. The heat treatment caused the material to expand and form a porous material with the 
appearance of a sponge. 

In order to gain more insight to the reaction involved in the fly ash mixture, some model 
studies were performed. Different mixtures of H3P04 and possible ingredients of the fly ash were 
prepared to find out what materials are responsible for the formation of the porous material. The 
results are summarized in the following: 

1. When SiO, and H3P04 were mixed, a gel like material was formed and after heating it changed 
into a solid piece which was not porous and was not very strong. 

2. When CaO was mixed with H3P04, it was dissolved and the mixture did not form a solid 
material. The reaction gave off gas (possibly water). 

3. When A1203 was mixed with H3P04, a strong material was formed and the X-ray diffraction 
showed that it may be a mixture of aluminum phosphate and aluminum hydrate phosphate. The fly 
ash was bonded by this material. 

4. When fly ash and H3P04 were mixed, no porous material was formed. Therefore, CaO is 
contributing to the creation of the bonding. It is possible that CaO contributes to the reaction by 
speeding up the reaction between H3P04 and the Al2O3. 

The addition of zeolites to the fly ash was also studied. It was found that zeolites were 
dissolved by the H3P04. 

FORMATION OF MESOPOROUS MATERIALS FROM FLY ASH AND 
SURFACTANT 

I 
It was found in the previous report that no mesoporous phase was formed with fly ash. A 

possible reason for the failure of the formation of mesoporous phase is that the amount of silicon 
dissolved in the solution was not enough for the mesoporous phase to form. Also, the condition 
for the formation of mesoporous phase has not been established. Therefore, we did a series of 
model experiments using pure chemicals to establish the condition for the formation of the 
mesoporous phase first and then applying that knowledge to the fly ash system. In the following, 
we will describe the model study first followed by the study with the fly ash. 

(A) Experimental procedures : I 
(a) 43.6 g of C16H32(CH3)3NBr aqueous solutim of 25 wt % were added with 7.25 ml 
ammonium hydroxide (4.95N) and diluted by 200 mi distilled water and stirred for 5 minutes. 
Then 41.8 g sodium silicate (28.7 wt% Si02, 8.9 wt% Na20,62.4 wt% H20) and 0.4216 g 
aluminum hydroxide were mixed with the surfactant solution and stirred for 30 minutes at room 
temperature and ambient pressure. The ratio of surfactant to silicon was 0.03 mole/0.2 mole. The 
mixture solutions were cured at 110°C and 1 15°C respectively. The solid products obtained at 
several curing times were washed with distilled water, centrifuged and dried in air at 60 - 80 OC. 
The as-synthesized product were calcined at 540 OC for 7 hours in air. The phase characterization 



of as-synthesized and calcined products were obtained by X-ray diffractometry with voltage at 40 
KV and current of 30 mA. The experimental results were shown in Table (1). For the purpose of 
comparison, the same experimental procedures without adding aluminum hydroxide were repeated 
and the results were shown in Table (2) 

(b) 43.6 g of c16H32(cH3)3NBr aqueous solution was prepared as in (a) and 40 g Ludox HS-30 
(30 wt% silica), 4.8 g Na20, and 0.4216 g aluminum hydroxide were added. The mixture 
solutions were stirred for 30 minutes at room temperature and ambient pressure. The ratio of 
surfactant to silicon was the same as in (a). The treatment processes were also the same as 
procedure in (a). The as-synthesized and calcined products were characterized by X-ray 
diffractometer and the results were shown in Table (3). For comparison, the same experimental 
procedures were repeated without the aluminum hydroxide and the results were shown in Table 
(4). 

(c) Fly ash solutions were prepared in basic condition. First, 24.1 g of fly ash of Eddystone 
electric power plant was added to 50 ml of distilled water with 4.8 g sodium hydroxide. The basic 
solution was aged at room temperature and ambient pressure for 4 days. The C16&2(cH3)3NBr 
aqueous solution of 25 wt% was prepared and 7.25 rnl ammonium hydroxide (4.95N) and 150 ml 
distilled water was added and the solution was stirred for 5 minutes. After aging, the fly ash 
solution was mixed with the surfactant solution and stirred for 30 minutes at room temperature and 
ambient pressure. The ratio of surfactant to fly ash in the mixtures was 0.03 moleD4.1 g and the 
pH value was 12.13. The mixture solution was cured at 115 O C  and 10 psi for various amounts of 
time. The solid products obtained at several curing times were washed with distilled water, 
centrifuged and dried in air at 60 - 80 O C .  The as-synthesized product was then calcined at 540 O C  
for 7 hours in air. The phase characterization of as-synthesized and calcined products was obtained 
by X-ray diffractometry with voltage at 40 KV and current of 30 mA. The experimental results 
were shown in Table (5). 

(d) 96.4 g fly ash, 4.8 g sodium hydroxide and 100 ml distilled water was aged at room 
temperature and ambient pressure for 4 days. After aging, the fly ash solution was mixed with the 
Surfactant solution prepared as in procedure (c) but diluted by 100 ml distilled water. The ratio of 
surfactant to fly ash was 0.03 mole/96.4 g and the pH value was 12.14. The treatment processes 
was the same as in procedure (c). The as-synthesized and calcined products were characterized by 
X-ray diffractometer and the results were shown in Table (6). 

(e) 24.1 g fly ash, 4.8 g sodium hydroxide and 50 ml distilled water was aged at room temperature 
and ambient pressure for 4 days. After aging, the fly ash solution was mixed with the surfactant 
solution prepared as in procedure (c) and 30 g Ludox HS-30 (30 wt% of silica). The ratio of 
surfactant to fly ash was 0.03 mole/24.1 g and the pH value was 11.9 1. The treatment processes 
was the same as in procedure (c). The as-synthesized and calcined products were characterized by 
X-ray diffractometer and the results were shown in Table (7). 

(f) 24.1 g fly ash, 4.8 g sodium hydroxide and 50 ml distilled water was aged at room temperature 
and ambient pressure for 4 days. After aging, the fly ash solution was mixed with the surfactant 
solution prepared as in procedure (c) and added 0.4216 g aluminum hydroxide. The ratio of 
surfactant to fly ash was 0.03 mole/24.1 g and the pH value was 12.13. The treatment processes 
was the same as in procedure (c). The as-synthesized and calcined products were characterized by 
X-ray diffractometer and the results were shown in Table (8). 

(g) The surfactant solution prepared as procedure (c) but diluted by 200 ml distilled water and 30 g 
Ludox HS-30 (30 wt% of silica) were mixed and stirred for 30 minutes at room temperature and 
ambient pressure. The ratio of surfactant to silicon was 0.03 mole/O. 15 mole and the pH value 
was 12.14. The treatment processes was the same as in procedure (c). The as-synthesized and 



calcined products were characterized by X-ray diffractometer and the results were shown in Table 
(9). 

(B) Experimental Results : 

Table (1) Th 
alumin 

Curing 
Temperature 

1115 

1- I"" 
1- 

1"" 

3 ratio of surfactant to silicon = 0.03 mole/0.2 mole and 0.4216 
um hydroxide were added (Silicon source: sodium silicate) 
Curing Results 
Time 

The X-ray diffraction pattern of samples treated for 44 hours at 115OC is shown in Fig.1. 
Clear peaks corresponding to hexagonal structure can be seen. Fig.2 shows the X-ray diffraction 
pattern for the same sample after Calcination at 540°C for 7 hours. The main peak of the hexagonal 
phase remains. 

hydroi 
Curing 
Temperature 
("C) 
115 

115 

115 

115 

115 

Table (2) The ratio of surfactant to silicon = 0.03 mole/0.2 mole and no aluminum 
- ide (Silicon 

Curing 
Time 

2 hours 

9 hours 

28 hours 

source: sodium silicate) 
~ Results 

I Hexagonal phase formed. After calcination, the peaks 
disappeared 
Hexagonal phase formeed. After calcination, a peak of 
d-spacing = 30.2492 A existed. 
Hexagonal phase formed After calcination, a peak of 
d-macine = 27.8744 8, remained. 

I 

44 hours 

61 hours 

He&agor& phase form&: After calcination, the peaks 
disappeared. 
Hexagonal phase formed. After calcination, the peaks 
di saD Peared. 



110 2 days 

110 

110 

110 

110 

4 days 

6 days 

10 days 

19 days 

Hexagonal phase fomed. After calcination, a peak of 
d-spacing = 27.0258 8, remained. 
Hexagonal phase formed. After calcination, the peaks 
disappeared. 
Hexagonal phase formed. After calcination, a peak of 
d-spacing = 27.4436 8, remained. 
Hexagonal phase formed, After calcination, the peaks 
disappeared. 
Hexagonal phase formed. After calcination, a peak of 
d-sDacinz = 33.0664 %, remained. 

Curing Curing 
Temperature Time 

115 2 hours 

115 9 hours 

115 28 hours 

("C) 

Table (3) The ratio of surfactant to silicon = 0.03 mole/0.2 mole and 0.4216 
aluminum hydroxide were added (Silicon source: Ludox HS-30) 

R esu I t s  

Hexagonal phase foqed. After calcination, a peak.of 
d-spacing = 30.2492A remained. 
Hexagonal phase foqed. After calcination, a peak of 
d-spacing = 3 1.8788 A remained. 
Hexagonal phase foqed. After calcination, a peak of 
d-spacing = 25.8455 A remained. 
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Table ( 5 )  The ratio of surfactant to flv ash = 0.03 mole/24.1 e 

2 days 

4 days 

110 

110 

Table ( 6 )  The ratio of surfactant to flv ash = 0.03 mole/96.4 

6 days 

10 days 

110 19 days 

1 calcination at 540 O C ,  lamellar 

Curing time (hours) 
4 

15 

33 

Results 
Lamellar phase formed. But after 
calcination at 540 O C ,  lamellar 
phases disappeared. 
Lamellar phase formed. But after 
calcination at 540 O C ,  lamellar 
phases disappeared. 
Zeolite P formed. No lamellar phase formed. 

Curing time (hours) 
4 
15 
33 
53 

Results 
Quartz and mullite remained. No lamellar phase formed. 
Quartz and mullite remained. No lamellar phase formed. 
Quartz and mullite remained. No lamellar phase formed. 
Quartz and mullite remained. No lamellar phase formed. 

r 

Curing time (hours) Resui ts 
4 Lamellar phase fomied. But after 

15 

33 

phases disappeared. 
Lamellar phase formed. One peak of d-spacing = 40.49 A 
existed. But after calcination at 540 OC, lamellar phase and 
peak disappeared. 
One peak of d-spacing = 39.89 A formed. 
No lamellar phase formed. 
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aluminum hydroxide were added 
I I I 
Curing time (hours) Results 
4 Lamellar phase formed. But after 

calcination at 540 OC, lamellar 
phases disappeared. 
Lamellar phase formed. But after 
calcination at 540 OC, lamellar 

15 

phases disappeared. 
Zeolite P formed. No lamellar phase formed. 33 

Table (9) The ratio of surfactant to silicon = 0.03 molel0.15 mole 
I I 

Curing time (hours) Results 
4 Two kinds of lamellar phases formed. Qne d-spacing is 

32.44 A. The other d-spacing is 25.41 A. After calcination 
at 540 OC, both lamellar phases disappeared. 
A lamellar phase with d-spacing = 33.88 A was formed 
and the intensity was higher than that cured for 4 hours, 
however the intensity of d-spacing = 24.33 A was lower 
than at 4 hours. After calcination at 540 O C ,  both lamellar 
phases disappeared. 
The lamellar phase with d-spacing = 33.97 A remained but 
no other lamellar phase found. After calcination at 540 OC,  
the lamellar phase disappeared. 

15 

55 

(C) Conclusion 

(1) In the model study, the hexagonal phases could form from sodium silicate or Ludox solutions. 
These results implied that the fly ash could be the silicon source to form hexagonal phases. The 
higher curing temperature enhanced the formation of hexagonal phases and the d-spacings with 
aluminum added were larger than those without adding aluminum. 

(2) The lamellar phases can not formed from sample (d), which implied that the higher amount of 
fly ash impedes the formption of lamellar phase. It is possible that the large amount of impurities in 
the fly ash prevented the formation of lamellar phase. The impurities may interfere the interaction 
between the silicate ions and the ionic surfactant in the solution. 

(3) All lamellar phases disappeared after calcination at 540 OC, i.e, the thermal stability of lamellar 
phase was not very good. On the other hand, the hexagonal phase is more stable and it remained 
after calcination. 

(4) Zeolite P formed at long curing time while lamellar phase formed at shorter curing time in 
samples (c) and (0. It indicated that the zeolite P phase was more stable than the lamellar phase in 
sample (c) and (fj. 

(5)  When Ludox HS-30 was added, a lamellar phase with a larger d-spacing was formed in the fl 

Although the lamellar phase disappeared after cakcination, the larger d-spacing values was similar 
to those of hexagonal phase (d-spacing = 39-41 A), which had been shown to have higher thermal 

ash solution. This was different from most of the lamellar phase which has a d-spacing = 23-25 x . 



stability. 

(6) When Ludox HS-30 was the only source of silicon and no fly ash was added, two kinds of 
lamellar phases formed at the same curing times. The intensity of the lamellar phase with a larger d- 
spacing gradually increases and that of the snlaller d-spacing gradually decreases with increasing 
curing time. This result showed that the mechanism for the lamellar formation is related to the 
source of silicon and the formation process may be affected by impurities in the fly ash. 

PLAN FOR NEXT QUARTER 

Recently, there was a publication' that indicated the SUA1 ratio may affect the formation of 
mesoporous phase. We plan to do a systematic study on the effect of SUA1 ratio on the formation 
of mesoporous phase. Once that is done, we will apply that information to the system with fly ash. 
Also the work on the chemical analysis of the fly ash will continue so that better control on the 
synthesis condition can be obtained. 
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bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or 
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