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Abstract: This study examines the synthesis of zeolite from bottom ash of thermal power plants and
evaluates its effectiveness as a soil treatment for reducing the hazards associated with heavy metal
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contaminated soils. Zeolite synthesis was conducted using three different methods: the one-step

method, two-step method, and fusion method. The characteristics of the synthesized zeolites, along

with their performance in batch adsorption experiments and soil cultivation tests with heavy metal-

contaminated soil, were examined. According to the XRD analysis results, the zeolite synthesized by

the fusion method was confirmed to form Na-A type zeolite, which exists in relatively higher

proportion compared to the quartz and mullite in bottom ash. The Fusion method exhibited the highest

CEC and surface area due to the formation of greater amount of Na-A zeolite during the synthesis

process compared to other synthesis methods. Soil cultivation experiments were conducted using

authentic heavy metal(Cd, Cu, Pb, Zn) contaminated soil collected from the smelter site. The

performance of reduction of heavy metal mobility and hazardous was evaluated through TCLP and

1M NH,NO; extraction tests. According to the results of soil cultivation experiments, Fusion method

showed the highest sterilization efficiency due the ion exchange by high CEC of Na-A zeolite and

chemical adsorption by surface oxygen-containing functional groups.

Keywords: coal ash, bottom ash, stabilization, zeolite, heavy metal-contaminated soil
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Table 1. Chemical components of bottom ash analyzed by XRF

Si0, ALO; Fe,0; CaO Na,O K0 TiO, MgO P,05

Bottom ash (%) 51.6 29.3 7.16 6.76 0.34 0.827 1.79 0.97 0.55

AASHAE B S AoIA = A=A A 1A SR A AT F 800°Cof| A 14171 57 B4 2
J5-= B g7} SF A} AR AlA A FR| oA A H £ 5} TH(Koshy et al. 2016; Angaru et al. 2021). Table 1
a5 LYEYF(CA, Cu, Pb, Zn)Z AHE-51 0 H o
7 8248 B 2242 oA 2ol 2 9

[e] =4
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| Bottom ash(20g) |
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1, HIERY 7[8t HIS2L0|E 3ty
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FFSLA HEEY B Qb Y BLE 0] 54 2] #ho] ] Y of
Y= AL A5 ) Y H 3 HIEA = o] AL 5]
7] o] Mol 2mmE A7 2% 3 9 AAE A gL 1]

| Mixing with 5M NaOH solution(200mL) |

l

| Hydrothermal reaction at 75°C, 24hr |

| Filtration, washing, drying |

| Bottom ash based zeolite |

Figure 1. Bottom ash zeolite synthesis using one-step method

AR2EH S¢S A7I5H] A3 1 MHCL-EH9

| Bottom ash(20g) |

\ Addition of 1.67M NaOH solution (300mL) |

I | 5.3g NaAlO, in 220mL DI water |
| Mixing with 300rpm at 80°C for 2hr l

| Addition of 1.67M NaOH solution(30mL) \

‘ 200rpm for 30min |
Solution A

Solution B

‘ Mixing with 200rpm for 30min ‘

| Heated by oven at at 100°C for 340min |

| Filtration, washing, drying ‘

‘ Bottom ash based zeolite |

Figure 2. Bottom ash zeolite synthesis using two-step method
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| Bottom ash(20g) mixing with NaOH (30g) |

| Heating at 550°C for 1hr |

’ Grinding and addition of 200mL DI water ]

Mixing for 6hr

I Hydrothermal reaction at 100°C, 6hr |

|

‘ Filtration, washing, drying ‘

‘ Bottom ash based zeolite ‘

Figure 3. Bottom ash zeolite synthesis using Fusion method
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Table 2. Heavy metal concentration of contaminated soil

Cd (mg/kg) Cu (mg/kg) Pb (mg/kg) Zn (mg/kg)
Concern standard 4 150 200 300
Countermeasure standard 12 450 600 900
Contaminated soil 216.40 627.56 1522.01 5666.53
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Table 3. Purposes and procedure of single extraction methods

Method TCLP IM NH,NO,
Purpose EPA hazardous waste decision Phytoavailability evaluation
Extractant (pH) 0.1 M glacial acetic acid (2.88) 1 M NH,NO; (4.7)
Soil solution ration (w/v) 1:20 1:2.5
Extraction condition 30 rpm, 16 h rotating at RT 20 rpm, 2 h rotating at RT
Analysis 0.45 pm membrane filtration, ICP-OES 0.45 pm membrane filtration, ICP-OES

(USEPA 1993)9t EF § T 94 L HERE

(bioavailability) & €918 4= ?l+&= 1M NH,NO; &%
Mdﬁﬁﬂgﬁﬁ%zm%%éﬂﬂ%WEﬂw%
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HaL e B4 754—‘5}‘%} = o9 Ao wh
2 st a2 Aol oH ol 714 o171 A G2k C
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o 520l

G=9) 99 1)
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0,

I 23 9 E9]
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Figure 49} 2t 4] A BFEHA = ] 55 quartz(JCPDS
No. 33-1161)2} mullite(JCPDS No. 75-8135)% 0] &0]
A A& &A= At} (Boycheva et al. 2023). One-step
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Figure 4. XRD patterns of bottom ash based zeolites with
different synthesis methods (Q=quartz, M=mullite,
X=Na-X zeolite, A=Na-A zeolite)

Aslot= A o]u:] a-A%} Na-X9] Si/Al9] H]- &2 247}
1.00, 1.2491 A0 & &HA Ath(Corner et al. 2014).
One-step method94 7% 42 A7 o)A S35t
=l sio] Alof H]3f| B Wekom A4 o & S/l Si
I} Al9] Fo] AH o2 A 7] fio] = A&t
o] EQ] 1 F7} U A 9 quartzo] H] 3} FsHA e
71 0 & etE T}, Two-step method= 2 A3} T4 o]
ol F7FA Q1 Al 37157 Wizo]l St Al9] & H]
£0] 112 2% 20 & wetE

v 715 Al 2to| EQ] 7|5 4= Bl st 9
Sff | EHA I} F 713 F1] & =45kt (Figure 5).
A A w9 B| EH AL 4,56 m¥/g 0] 9] 0.1 T4
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Figure 5. Pore properties of bottom ash zeolites with different
synthesis methods
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Figure 6. Cation exchange capacities of bottom ash zeolites
with different synthesis methods

] CECE ]2 20| tF. XRD 24 Zjol A th2 3
A ol B9 6 2 9182 Na-A 25 B R}
= 71 0 & 3+l H Fusion methodo] 95t Al &T}o]|E
9] CECE 241.55 cmol /kg O & LFEFSETY. o] &= Hl =7
(5.60 cmol/kg), One-step method(62.26 cmol /kg), Two-
step method(83.11 cmol./kg)®l| of-F- =2 4==0]H 1}
A TH] oF 43.1380 & 352 0|t o] 23t A4
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Figure 7. FT-IR spectra of bottom ash zeolites with different
synthesis methods
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Figure 8. TCLP extractable heavy metals concentrations and stabilization efficiencies; (a) Cd, (b) Cu, (c) P
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