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In this study, the formation and physicochemical properties — such as the cation exchange capacity (CEC)
and crystalline phases — of zeolite produced from coal fly ash (CFA) by the alkali hydrothermal reaction were
investigated by performing XRD and SEM analyses. The hydrothermal reaction was carried out using alkali
solutions with various KOH concentrations (M), liquid/solid ratio (L/S ratio; L/kg), and reaction times at a con-
stant temperature (100°C). The results show that K-Chabazite (ca 40%) with CEC values of 220~240 meq/100
g was obtained at 3~4 M KOH concentration, 5~10 L/S ratio, and >48 h reaction time. The three steps in the
alkali hydrothermal reaction for K-Chabazite formation — namely, the dissolution of Al and Si ions in CFA,
condensation of the ions, and crystallization — were analyzed on the basis of the reaction time. The adsorption
capacity (% removal) of the zeolite product for the removal of mixed heavy metals (Cu, Cd, Cr, and Pb; each
at a concentration of 100 mg/L at pH 5.0) in a solution was also evaluated, and the efficacy of the zeolite prod-
uct as an adsorbent was discussed.
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Fig. 1. The hydrothermal synthesis apparatus used in this
experiment: (D heating mantle (2) motor ® impeller
@ thermometer & condenser.
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Table 1. Chemical compositions of CFA used in this study and the zeolite product (K-Chabazite) obtained from CFA

Sample S0, ALO, TFe0, Ca0 Mg0 Na,0 KO TO, D0, LO&
CFA 66 283 i5 0.7 0.7 0.2 37 16 0.2 133
K-Chabazite 358 362 5.6 34 14 0.3 7.3 2.0 0.1 7.3

*LOI: loss of ignition.
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Fig. 2. XRD pattern of synthetic zeolites from coal fly ash
with respect to KOH concentration (upper) and L/
S ratio (below).
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Fig. 3. Particle size distributions of coal fly ash and syn-
thetic zeolite.
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ZHmeq/10099& T] 204 120, TH] 5108} 20
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Table 2. Experimental conditions used for alkaline activation of CFA in each experiment

Treatment conditions

No. KOH Conc. ™) Time (oo VSRS CEC (meg/100g) Crystal phases
1 1.0 48 10 14 M, Q

2 2.0 48 10 180 K-Cha, M, Q
3 3.0 12 5 70 M, Q

4 3.0 24 5 100 M, Q

5 3.0 36 5 182 K-Cha, M, Q
6 3.0 48 5 220 K-Cha, M, Q
7 3.0 48 10 210 K-Cha, M, Q
8 3.0 60 5 240 K-Cha, M, Q
9 3.0 96 5 216 K-Cha, M, Q
10 4.0 48 2 120 M, Q

11 4.0 48 5 220 K-Cha, M, Q
12 4.0 48 10 220 K-Cha, M, Q
13 4.0 48 20 234 K-Cha, Z*, M, Q

M: mullite(3A1,0,-2Si0,), Q: quartz(SiO,), K-Cha: K-Chabazite(KALSiOgH,0, JCDPS 12-0194)%, Z": new type zeolites,

not assigned.
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Fig. 5. XRD patterns of synthetic zeolite from CFA with
respect to reaction time of (a) 3h, (b) 24h, (c) 36h,
(d) 48h, (e) 64h and (f) 96h (at 100°C, 3N KOH, S/
L=1/5, M: Mullite, Q: Quartz, Z: Zeolite).
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Table 3. Specific surface areas, pore volumes and average pore diameters of CFA and the zeolite products (K-Chabazite)

Sample Surface Area (m*/g) Pore volume (cm’/g) Average Pore Diameter (nm)
CFA 1.65 0.0027 6.68
K-Chabazite 37.47 0.0781 7.18
gk Zlo = AT Table 3& AlEEo|E AHES] oS B FEAIS vlawsl] 2 AFE Fig. 90 &A
BET #443= vepd Zolt). K-Chabazite ¥#Fe] B] 3t} AlLTlolE HAEK- Cha)~ RE 35020
FHA(m¥g) 71851 (pore volume, cm¥g)7t ZHzF tisl] 995% o] & AALE YERH wkd, A
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Fig. 8. Removal rates (%) of the heavy metals in solution
(each 100 mg/L) with respect to the zeolite product
loading (g) (at pH 5).
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Fig. 9. Comparison of removal rates (%) of the heavy met-
als (each 100 mg/L) in solution on the different
types of adsorbents (reaction time of 60 min., 3.0g/
200 mL, at pH 5).
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Table 4. Results of leaching test for the CFA and the zeolite product (K-Chabazite)

Concentrations (unit: pg/L)

a
Methods Samples g As Se G Cu  Ag Cd  Ba b
KSLT CFA 0.1 15.7 69.1 44.1 16.3 0.7 0.5 95.6 14.7
K-Cha <0.01 121 25.0 5.1 14.0 0.10 0.2 13.1 14
TCLP CFA 0.1 62.8 36.2 33.2 27.2 1.5 2.7 267.0 20.1
K-Cha <0.01 25.0 15.1 3.0 16.2 0.30 0.9 60.8 2.0
KSLT Regulatory level® (unit: mg/L) <0.005 <15 - <157 <30 - <0.3 - <3.0
TCLP Regulatory level® (unit: mg/L) <0.2 - <1.0 <50 - <50 <10 <100 <50

aCriteria of hazardous material according to the solid waste leaching test, "Korea standard leaching test, “Toxicity

characteristic leaching procedure, %hased on Cr®*.
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