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Synthesis of Zeolite P1 and Analcime from Sewage Sludge Incinerator Fly Ash

Je Seung Lee - Sook Nye Chung - Chul Hwi Park’*

Seoul Metropolitan Government Research Institute of Health and Environment
*Department of Environmental Engineering, University of Seoul

ABSTRACT : This study is about zeolite synthesis from the sewage sludge incinerator fly ash of “S” sewage treatment center located
in Seoul. For this purpose, the properties of raw fly ash as starting material, the hydrothermal conditions for zeolite synthesis and the
environmental applicabilities of synthesized zeolites were examined. Fly ash from sewage sludge incinerator has large quantities of SiO,
and AlLO; and their contents are 42.8 wt.% and 21.2 wt.% respectively. So fly ash is considered to be possible starting material for
zeolite synthesis. The results from leaching test of fly ash showed that the concentration of hazardous metals were very low as compared
with the Korea leaching standard of the Waste Management Law. But the concentration from total recoverable test of fly ash were
higher than the fertilizer standard of Fertilizer Management Law. Major zeolite products synthesized by hydrothermal reaction are analcime
in teflon vessel and zeolite P1 in borosilicate flask. Optimum conditions for the synthesis of analcime were 1 N of NaOH concentration,
16 hour of reaction time and 135C of reaction temperature. For the zeolite P1 formation, the proper conditions were demonstrated to
be 5 N of NaOH concentration, 16 hour reaction time and 130°C of reaction temperature in this study. Hazardous metal contents in the
analcime product are similar with those in raw fly ash. In case of the zeolite P1, the contents are reduced to nearly a half. Raw fly
ash and the analcime product showed NH," ion exchange capacity of 0~1.0 mg of NH4+g’1 and 3.0~7.4 mg of NH4+g'1, respec-
tively. However, the zeolite P1 product reached exchange capacity to 14.6~17.8 mg of NH4+g'l. This values are in the range of those
of natural clinoptilolite and phillipsite. From this point of view, zeolite synthesis from sewage treatment sludge incinerator fly ash is a
good alternative for solid waste recycling.
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Fig. 1. Schematic diagram of the autoclave reactor for hydro-
thermal synthesis. (a) : autoclave reactor, (b) : reaction
vessel
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Fig. 2. Flow chart of zeolite synthesis.
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Fig. 4. SEM images of raw fly ash.

Table 1. Major chemical composition of starting material

Analyte SiOz A1203 F6203 P205 CaO MgO KzO TiOz

Composition(%) 42.8 21.2 108 890 6.60 226 322 1.12
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Fig. 3. XRD pattern of raw fly ash(Q : Quartz).
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Table 2. Results of leaching test and total recoverable test of
raw fly ash

Leaching test Total recoverable test

Parameter Standard’ Conc.(mg/L) Parameter Standard" Conc.(mg/Kg)

Pb 3 nd.* Pb 150 263.5
o’ 1.5 nd. Cr 300 5594
cd 03 nd. cd 5 13.5
As 1.5 nd. As 50 354
Cu 3 0.039 Cu 300 1665.2
Zn ns! 0.035 Zn 900 3817.4
Hg 0.005 nd. Hg 2 13
CN 1 n.d. Ni 50 211.1

* Korea leaching test standard, ® Hazard standard for fertilizer, © not
detected, ® not set as regulatory standard
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Fig. 6. SEM images of analcime product.
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Table 3. Experimental conditions used for synthesis experiments
and zeolites synthesized in teflon vessel

NaOH Conc.(N) t(h) T(C) Zeolites or remaining mineral

1 12 110 quartz*m, zeolite A

3 12 ” quartz***

5 12 ” sodalite”, quartz**

1 16 120 quartz***, zeolite A, zeolite P1
3 16 ” quartzm, sodalite”

5 16 ” quartzm, sodalite”

1 12 125 quartz***, zeolite A, zeolite P1
1.5 12 ” quartz***, zeolite A, analcime’
2 12 ” quartz***, sodalite”

1 12 130 quartz , analcime”

3 12 ” quartz”, sodalite”

5 12 ” quartz**, sodalite””

1 8 135 analcime’, quartz**

3 8 ” sodalite”, quartz**

5 8 7 sodalite”

1 16 135 analcime*m, quartz*

3 16 ” sodalite”, quartz**

5 16 ” sodalite”

The mark * represents mineral content according to maximum raw peak
intensity by XRD peak pattern. none, trace amount; *, 2,000~5,000
cps; ", 5,000~8,000 cps; 8,000~ 10,000 cps; , above 10000 cps
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Fig. 5. XRD peak pattern of analcime product(An : anal-
cime).
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Table 4. Zeolite products synthesized from fly ash and JCPDS
files for XRD identification and list of major XRD
reflections(2t, in decreasing XRD intensity) for zeolites

Zeolite product JCPDS Chemical formular
Sodalite 49-0937 NasAlsSisO2 + 8H,0
Zeolite A 39-0223 NagsAlosSiosOss4
Zeolite P1 39-0219 NasAlsSii 03 + 12H,0
Analcime 41-1478 NaAlSi,O¢ * H20

6 Major XRD reflections (2)

Zeolite P1 Analcime Zeolite A Sodalite
28.07 25.99 7.19 13.93
12.46 15.84 10.18 24.02
21.66 30.58 12.48 42.60
33.36 52.53 16.13 34.55
17.65 33.31 24.02 37.39
46.03 18.30 29.98 49.62
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Table 5. Experimental conditions used for synthesis experi-
ments and zeolites synthesized in borosilicate flask

NaOH Conc.(N) t(h) T(C) Zeolites or remaining mineral

1 8 120 quartz“**

3 8 ” sodalite”, quartz***

5 8 " sodalite”, quartz***

1 12 ” quartz“**

3 12 ” zeolite P1, quartz”

5 12 ” sodalite’, quartz**

1 16 ” quartz****

3 16 ” zeolite P1”", quartz”

5 16 " zeolite Pl*, sodalite*, quartz**

1 20 ” quartzm, zeolite P1""

3 20 ” zeolite P1”", quartz”

5 20 " zeolite Pl*, sodalite*, quartz**

1 8 130 zeolite P1', quartz

3 8 ” zeolite P17, quartz**

5 8 ” zeolite P1°, quartz**

1 12 ” zeolite P1°, quartz’

3 12 ” zeolite P17, quartz**

5 12 ” zeolite P17, quartz*

1 16 ” zeolite P1°, quartz’

3 16 " zeolite Pl**, analcime*, quartz**
5 16 ” zeolite Pl”“, quartz“, analcime
1 200 7 zeolite P1', quartz

3 20 " zeolite Pl*, analcime*, quartz***
5 20 ” zeolite P1”", quartz”

1 16 125 quartz“**

3 16 ” zeolite le, analcime*, quartz****
5 16 ” zeolite Pl****, quartz**, analcime

The mark * represents mineral content according to maximum raw peak
intensity by XRD peak pattern. none, trace amount; *, 2,000~5,000
cps; ,5,000~8,000 cps; ,8,000~10,000 cps; , above 10,000 cps
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Fig. 7. XRD peak pattern of zeolite P1 product(P : zeolite P1).
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Fig. 8. SEM images of zeolite P1 product.
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Table 6. Results of total recoverable test of zeolite products

(unit : mg/Kg)

Analcime Zeolite P1
Parameter Content Parameter Content
Pb 254.6 Pb 140.1
Cr 445.7 Cr 270.0
Cd 12.1 Cd 7.7
As n.d. As n.d.
Cu 1592.2 Cu 921.2
Zn 3050.9 Zn 1699.2
Ni 183.2 Ni 113.5
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