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Abstract Though the recycling rate of coal fly ash generated from domestic thermoelectric power plants is gradually
increased, at present, the most amount of coal bottom ash is disposed by a landfill instead of recycling. Therefore, to reuse
a coal bottom ash as high-value materials the synthesis of zeolite made from a coal bottom ash was investigated in this
study. NaP1, hydroxy-sodalite and tobermorite were produced through the alkaline hydrothermal reaction of pulverized
bottom ash at various temperatures; 80, 120, 150°C, and the concentration of NaOH at the range from 1 to 5M.
Especially, NaP1 with excellent cation exchange capability had a high crystallinity at <2M NaOH and <120°C.
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Fig. 1. Particle size distribution of coal bottom ash and coal fly
ash.
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Table 1
Chemical composition of coal bottom ash and coal fly ash

(unit : wt%)

Composition Bottom ash Fly ash
Si0, 4339 50.40
AL, 23.08 26.45
Fe,0, 13.90 759
Ca0 9.04 6.05
MgO 0.86 . 082
K,O 0.41 0.73
Na,O 0.55 0.44
TiO, 141 1.43
*MnO 0.22 0.06
P,0; 0.15 043
Igloss 6.58 5.21
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Fig. 2. XRD patterns of coal ash (a) coal bottom ash (b) coal fly
ash M = mullite, Q = quartz, H = hematite, L. = Labradorite).
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Fig. 3. SEM photographs of coal ash (a) coal bottom ash (b) coal
fly ash.

Table 2
Content and leaching amount of heavy metals in coal bottom ash

Heavy metals Content (mg/kg) Leaching amount (mg//)
Pb 63 ND
Cr 56 ND
Cu 52 ND
As 11 ND
Cd 1 ND

ND : Not Detected.
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Table 3
Experimental conditions used for synthesis experiments and
obtained zeolites

No. Solution t(hr) T (°C) Zeolites Original minerals

1 NaOH1M 24 80 P1 QM

2 NaOH2M 24 80 Pl QM

3 NaOH3M 24 80 PI,HS,F Q.M

4 NaOH4M 24 80 PLLHS QM

5 NaOHS5M 24 80 PILHS QM

6 NaOH 1M 24 120 P1 QM

7 NaOH2M 24 120 P1 QM

8 NaOH3M 24 120 PLLHS,T Q,M

9 NaOH4M 24 120 PLHS, T Q (eryminoryr M Gvery minon
10 NaOH5M 24 120 P1,HS, T x

11 NaOHIM 24 150  PLHS, T Q,M

12 NaOH2M 24 150 PL,HS, T M(Ve,ymmm)

13 NaOH3M 24 150 PLHS, T x

14 NaOH4M 24 150 HS, T X

15 NaOH5M 24 150 HS,T X

Pl = NaPl, HS = hydroxy-sodalite, F = faujasite, T = tober-
morite, Q = quartz, M = mullite.
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Fig. 4. XRD patterns of synthesized zeolite from coal bottom
ash as a function of NaOH concentration at 80°C (P1 = NaP1,
HS = hydroxy-sodalite, F = faujasite, M = mullite, Q = quartz).
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Fig. 5. XRD patterns of synthesized zeolite from coal bottom

ash as a function of NaOH concentration at 120°C (P1 = NaPl,

HS = hydroxy-sodalite, T = tobermorite, M = mullite, Q =
quartz).
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Fig. 6. XRD pattern of synthesized zeolite from coal bottom
ash as a function of NaOH concentration at 150°C (P1 = NaP1,
HS = hydroxy-sodalite, T = tobermorite, M = mullite, Q =

quartz).
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Fig. 7. XRD intensities of synthesized NaP1 with NaOH con-
centration and reaction temperautre.
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Fig. 9. SEM photographs of synthesized zeolite in 2 M NaOH
solution at 120°C.
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