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Analytical Characteristics of XRF and XRD Before and After
Stabilizing the Fly Ash from MSW Incineration Plant

Kim Sam-Cwan’, Kwon Myung-Hee, Jeon Jong-Ju, Song Geum-Ju, and Song Sun-Hee

National Institute of Environmental Research (NIER), Environment Research Complex, Seogu Kyungseo-dong, Incheon, Korea
*Pohang University of Science and Technology (POSTECH), Nam-gu Hyoja-dong, Pohang-si, Kyungsangbukdo, Korea

Ministry of Environment has regulated fly ash from municipal solid waste (MSW) incineration plant as a
designated waste by Waste Management Act because of its hazardous components such as heavy metals and
dioxins. By this reason, fly ash has been stabilized using either metallic or chemical agents prior to final land
disposal. In this study, fly ash was stabilized using chemical agents and portland cement in order to know the
compositional and characteristic variation of heavy metals in fly ash before and after stabilization. Raw and
stabilized fly ashes were analyzed by X-ray fluorescence spectrometer (XRF), X-ray diffractometer (XRD).
The results were summarized as follows. Mass spectrometer's result showed that the major components in sta-
bilizing agents was methyl N-dimethyl thiocarbamate (C,H,4ONS), dimethyl carbamodithioic acid (C;HyNS,)
and tetramethyl thiourea (CsH;,N,S). Also, XRD's result showed that raw fly ash largely contained CaCIOH,
Ca(OH), and CaCO;, which were considered to be resulted from the spray of lime for controlling acidic pol-
lutants at spray dryer absorber (SDA). When adding 2% to 5% (w/w) of chemical agents into fly ashes there
were almost no compositional variations of heavy-metal components in stabilized fly ashes, but the com-
positional percentiles of Na,O and SiO, were somewhat decreasing while that of CaO was slightly increasing.
When adding 5% of chemical agents and 10% to 30% (w/w) of portland cement into fly ashes, the com-
positional percentiles of SiO,, Al,0;, CaO and SO; were considerably increased while those of Na,O, Cl, K,O
were relatively decreased. Accordingly, the basicity (CaO/SiO,) of stabilized fly ashes were decreased to a
level of 7.53+12.57 from 16.35 of raw fly ash.
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Table 1. Generation amounts of incineration residues from commercial-scale MSW incineration plants (unit : ton/year)

2000 2001 2002 2003 2004 2005
Incineration Plant*! 18 26 29 31 32 33
Incineration Residues 210,294 281,771 377,495 367,159 380,048 420,456
- Bottom Ash 185,130 244,399 315,730 305,517 315,335 352.697
- Fly Ash 25,164 37,372 61,765 61,642 64,713 67,759

*1 : Number of Incineration plant with a treatment capacity of 2 ton/hr or more
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Fig. 1. Process of incineration facility and sampling point of fly ash.
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Table 2. XRF analysis results of fly ash, stabilized by chemical agents

+ %] XRF 2 XRD ¥4 54 87

(unit : dried weight %)

Raw E Product H Product N Product

Items
fly ash 2% 3% 5% 2% 3% 5% 2% 3% 5%
Na,O 8.72 5.05 4.85 5.17 5.18 5.38 5.34 5.83 5.88 5.47
MgO 3.44 3.14 2.99 2.85 3.13 2.94 3.02 2.78 2.49 3.01
Al,Oq4 0.92 1.09 1.63 1.08 1.19 1.08 0.99 1.14 1.01 1.01
Si0, 2.99 2.53 2.45 2.38 2.47 2.50 2.47 231 2.25 237
P,04 0.58 0.63 0.63 0.56 0.59 0.61 0.57 0.57 0.55 0.61
SO, 3.92 4.18 3.97 4.44 4.66 4.78 5.34 3.86 4.04 5.07
Cl 23.21 21.86 20.96 21.47 21.48 22.32 21.89 23.64 24.86 22.46
K,0 4.93 4.74 4.03 4.27 4.44 4.80 4.24 5.59 5.98 4.43
Ca0 48.88 54.46 56.31 55.62 54.53 53.34 53.58 52.07 50.73 53.32
TiO, 0.48 0.58 0.53 0.53 0.61 0.59 0.51 0.57 0.48 0.60
Cry04 0.11 0.09 0.10 0.09 0.11 0.09 0.09 0.08 0.08 0.08
Fe, 04 0.61 0.63 0.60 0.60 0.61 0.60 0.59 0.59 0.52 0.60
CuO 0.09 0.10 0.09 0.09 0.10 0.08 0.08 0.08 0.08 0.09
Zn0O 0.44 0.45 0.41 0.40 0.44 0.42 0.43 0.41 0.38 0.42
PbO 0.21 0.21 0.21 0.23 0.24 0.24 0.21 0.25 0.25 0.23
Br 0.13 0.13 0.02 0.11 0.12 0.02 0.12 0.13 0.13 0.12
MnO 0.07 0.08 0.07 0.08 0.06 0.06 0.08 0.06 0.07 0.07
SrO 0.04 0.04 0.04 0.04 0.05 0.04 0.04 0.04 0.05 0.04
Cdo 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
BaO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
SnO, 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
SUM 100 100 100 100 100 100 100 100 100 100
Basicity #1 16.35 21.53 22.98 23.37 22.08 21.34 21.69 22.54 22.55 22.50
Basicity #2 12.50 15.04 13.80 16.08 14.90 14.90 15.49 15.09 15.56 15.78
Basicity #3 13.69 17.23 18.28 18.92 17.82 17.15 17.63 18.08 18.12 17.89

Basicity #1: Ca0/SiO,, Basicity #2: CaO/(SiO, + Al,Os). Basicity #3: CaO/(SiO, + P,05)
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Table 3. XRF analysis results of fly ash, stabilized by chemical agents with portland cement

(unit : dried weight %)

Cement (adding with

Cement (adding with Cement (adding with

Ttems ﬂRaWh E product of 5%) H product of 5%) N product of 5%)
vas 10% 20% 30% 10% 20% 30% 10% 20% 30%
Na,O 8.72 542 4.26 4.63 6.96 6.57 4.20 7.14 6.49 5.87
MgO 3.44 4.22 3.99 3.99 3.66 3.86 3.76 3.76 3.72 3.65
Al,Oq4 0.92 2.18 2.28 2.57 1.83 2.05 2.72 1.74 2.14 244
Si0, 2.99 5.03 5.96 6.38 441 5.53 6.50 4.10 5.97 7.16
P,05 0.58 0.73 0.64 0.66 0.63 0.57 0.61 0.65 0.53 0.49
SO, 3.92 4.55 4.26 4.20 5.02 4.87 4.57 5.17 4.81 4.50
Cl 23.21 16.85 16.12 15.68 19.91 17.91 15.73 19.97 17.43 16.24
K,0 4.93 3.70 3.39 3.39 3.39 3.15 2.98 3.65 3.38 3.20
CaO 48.88 54.83 56.43 55.69 51.86 52.90 56.19 51.53 53.24 53.88
TiO, 0.48 0.63 0.62 0.63 0.51 0.51 0.57 0.61 0.47 0.44
Cr,04 0.11 0.08 0.08 0.10 0.10 0.09 0.10 0.11 0.08 0.07
Fe,04 0.61 0.90 1.14 1.23 0.81 0.98 1.25 0.73 0.97 1.25
CuO 0.09 0.10 0.09 0.08 0.09 0.09 0.08 0.07 0.08 0.08
ZnO 0.44 0.40 0.35 0.35 0.39 0.36 0.35 0.37 0.32 0.33
PbO 0.21 0.18 0.18 0.17 0.20 0.17 0.16 0.19 0.18 0.17
Br 0.13 0.11 0.10 0.10 0.12 0.10 0.09 0.11 0.10 0.09
MnO 0.07 0.07 0.08 0.10 0.07 0.09 0.09 0.08 0.06 0.08
SrO 0.04 0.03 0.04 0.05 0.04 0.04 0.05 0.03 0.03 0.05
CdO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
BaO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
SnO, 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
SUM 100 100 100 100 100 100 100 100 100 100
Basicity #1 16.35 10.90 9.47 8.73 11.76 9.57 8.64 12.57 8.92 7.53
Basicity #2 12.50 7.60 6.85 6.22 8.31 6.98 6.09 8.82 6.56 5.61
Basicity #3 13.69 9.52 8.55 7.91 10.29 8.67 7.90 10.85 8.19 7.04

Basicity #1: Ca0/SiO,, Basicity #2: CaO/(Si0, + AlL,Os). Basicity #3: CaO/(SiO, + P,05)
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Fig. 2. XRD analysis result of raw fly ash.
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Fig. 3. XRD analysis result when adding 5% of stabilizing
agent E to raw fly ash.
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Fig. 4. XRD analysis result when adding 5% of stabilizing
agent H to raw fly ash.
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Fig. 5. XRD analysis result when adding 5% of stabilizing
agent N to raw fly ash.
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Fig. 6. XRD analysis results when adding 5% of stabilizing
agent E with 30% of cement to raw fly ash.
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Fig. 7. XRD analysis results when adding 5% of stabilizing
agent H with 30% of cement to raw fly ash.
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Fig. 8. XRD analysis results when adding 5% of stabilizing
agent N with 30% of cement to raw fly ash.
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