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Characteristic Variations of Heavy Metals in Fly Ashes from
MSW Incineration Plants by Thermal Treatment

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

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

The characteristic variations of heavy metals in fly ashes of municipal solid waste (MSW) incineration plants
were investigated by thermal treatment using a laboratory-scale setup. The fly ashes were collected from spray
dryer absorber/bag filter (SDA/BF) and electrostatic precipitator (EP) and thermally treated for three hours at
a different temperature of 350°C, 450°C and 550°C. Raw and thermally-treated fly ashes were analyzed by X-
ray fluorescence spectrometer (XRF) and X-ray diffractometer (XRD). XRF's results showed that CaO was
contained at a ratio of 40 % to 50 % in raw fly-ashes collected by SDA/BF, and 10 % in raw fly-ashes collected
by EP. XRD's results showed that raw fly ashes collected by SDA/BF mainly contained CaCIOH, Ca(OH), and
CaCO;, but those collected by EP, NaCl, KCI and CaSO,. Calcium component in raw fly ashes of SDA/BF
was due to the spray of lime (Ca(OH),) for controlling acidic pollutants at SDA. After thermal treatment of
fly ashes from SDA/BF, CaCO; ratio was increased with the decrease of Ca(OH),. Ca(OH), was decomposed
to CaO and H,O, then CaCO; was formed from the reaction of CaO with CO,.
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71eHdEAS B3l AAskE 7lwolth &, <F 350°C
~550°Ce] ZZof|A to]sAle] eAi-daAdst (C-Cl
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\Stoker\w\WHB\w\ SDA \w\ BF \w\ SCR \w\smck\

a) Process of incineration plant A

| Stoker (SNCR) | = | WHB | = | SDA |~ | BF || Stack |

b) Process of incineration plant B

| stoker |+ | WHB | = | EP || ws || scrR |-/ stack |

¢) Process of incineration plant C

WHB: Waste Heat Boiler,

SDA: Spray Dryer

Absorber, BF: Bag Filter, SCR:

Catalytic SNCR:
Electrostatic Precipitator, WS: Wet Scrubber

Selective Reduction, Selective  Non—Catalytic Reduction, EP:

Fig. 1. Processes of incineration plants to be studied.
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Gas sampling ports Clean Gas

Scrubbing solution

Fig. 2. Lab-scale thermal treatment setup used for this study.
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Table 1. Physico-chemical properties of raw fly ash
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H2Efe] B9 vk QA AS 200 AR
% CaO7} AA9] oF 40%Z A&}k, olojA Clo)
27%, Na,0 10%, K,0 7% So2 ZAMFJLL Si0,
= F 4% B oF Yehd, Adid 248
2ol YA FoAGE0] AR F9w A A7M
A Haeh AL Ao LT ole A A7HA|
Az} o] B AZMAAEE H7| SHRAAE R A7
£ AAG7] A8t DANAH "N A F
(Ca(OH),)E #F-37] wiEel Aoz FAgteh

&, ¥F 519 Chang 59 ¢jabd WAA =z Wb
A28 ) 28500 vkl siHEke RER A7tE
ol 9ol Si07F F 24~36%, 22%%] AOF KL
& vl gloh o) f5A A4 g il EE
RYES A7) wj ol b7l vlaklel tEe] R
KFEfEE] JRgR 6] 2JE7] w2l 2oz Kol
o, B A7) g el A 9 B 279 2zte
£ 3147 (Grate) B49] 2~EA (Stock) 2722 T
71 @A FUg F2)9] SDA/BFE} et
27t Fae] zolo] wpE Azhgale] zpoloA 719l
3k Ao7 ke

Raw Fly Ash Raw Fly Ash
Items Items
A B C A B C

pH 12.1 12.1 6.7 Mg (mg/g) 14.38 9.84 19.15
Loss on Ignition (%) 10.4 7.5 1.7 Cr (mg/g) 0.40 0.16 0.57
Alkalinity (mgeq/L) 39.9 45.8 1.2 Mn (mg/g) 0.44 0.66 1.54
TDS (mg/L) 48.9 55.4 50.6 Fe (mg/g) 3.98 4.32 5.41
CI' (mg/L) 21,241 28,992 23,123 Cu (mg/g) 0.56 0.75 1.33
5042’ (mg/L) 1,036 1,076 5,080 Zn (mg/g) 2.44 8.85 20.86
Content of Carbon (%) 4.8 41 1.0 Cd (mg/g) 0.16 0.26 0.64
_ Pb (mg/g) 1.81 3.70 6.01
Average Diameter 179 18.9 29.0 As (mg/g) 0.01 0.03 0.11
(k) Hg (ug/g) 21.78 64.92 0.50
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HAHA ] XRF £4 495 A B, 8o 73
< 21 AEE Clo] 29%= 7F¢ =2 Bl&S 248t
3 glemn, olo]x Na,O 23%, K,0 15%, CaO 10%
59 M2 AN SiOe oF 6%= et &
Ay =7F okl wet Na,0 B Cl, SO; 52 74
tha zgu)7F 228k WAl MgO, 2 Ca0, Al,O.,
Si0,, P,05 59| A3 2A4ue 7k ZAog b
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53], 347} sl dag 3715 Fst &
Ztele 2E7 AztRe] B3 A7Fx1719] Fx1d
g 55 ek 2 o, C 274414 827 A 2 B
AZEAA B Bk CaO AEe] 2/9v)7) A e
2 93 B3 Na, K 53 22 535 4 Clo] 24
sk Hlgo] JUHoE B AL F2 22E2Y/]
o] &ztollA] 7IRIsk= AR ke

3.3. fx2|=Zof| e H|MxHe] XRD EAznt
gz wE Bak) Adie] HskE XRDE &

Table 2. Compositional percent of each heavy metal in raw & thermally-treated fly ashes

(Unit : dry weight %)

1 Fly Ash A Fly Ash B Fly Ash C
S T Raw 350 450 550  Raw 350 450 550  Raw 350 450 550
Na,0 872 898 828 358 1020 241 131 000 2288 2175 2067 1590
MgO 344 345 357 256 191 030 038 031 146 222 280 458
ALO, 092 091 092 147 136 046 055 039 170 288 335 447
Sio, 299 267 276 313 367 113 111 131 576 691 775  10.07
P,0, 058 058 060 065 092 030 029 033 109 153 176 242
SO, 392 377 380 271 387 163 148 127 619 606 521 548
Cl 2321 2279 2199 2507 2739 3941 3596 3426 2918 2600 2632 22.38
K,0 493 474 479 652 650 2000 3392 37.05 1495 1272 1185 10.87
Ca0 4888 50.10 5114 5164 40.11 3157 21.89 21.88 1039 13.00 13.00 15.79
TiO, 048 054 053 059 070 026 035 037 126 170 171 236
Cr,0, 011 008 008 010 006 000 000 000 007 008 008 009
Fe,0, 061 054 057 062 097 040 052 058 070 079 083 095
CuO 009 009 010 009 011 009 010 010 016 015 013 0.4
Zn0 044 038 043 041 123 093 128 137 298 277 261 294
PO 021 020 021 022 034 028 031 041 065 060 056 051
Br 013 011 011 015 013 009 010 012 014 013 013  0.14
MnO 007 005 006 007 008 005 006 008 011 013 015 021
StO 004 004 004 005 004 004 004 005 001 001l 001  0.02
CdO 000 000 000 000 000 000 000 000 009 009 008 0.9
BaO 000 000 000 000 000 000 000 000 000 000 000 0.0
Sn0, 0.00 000 000 000 000 000 000 000 024 020 024 025
SUM 100 100 100 100 100 100 100 100 100 100 100 100

Remark : Figures in table are the compositional percent of each heavy metal to summation of total items as 100%.
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A A3E Fig. 3~50] YeRlth WA, A &7pAA
vk AAge] 739 Fig. 304 R upe} o] 4
& A4slHEEA CaClOH > Ca(OH), > CaCO5 >
CaS0,0] <02 Tk haElo] Qi AOT Uepto.
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Fig. 3. XRD spectrum of raw and thermally-treated fly ashes from MSW incineration plant A.
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Intensity

B-¥Al2
w0 140
Ca(OH)), : 1
i Caso, : 2
Caco3 : 3 120
3 S0, 4
0 KCl: 5
NaCl : 6 100
CaCIOH : 7
80 2
2 %0
2
b
0 £ 60
© 40
20 20
. 0

350C-3hr
Ca(OH)); : 1
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CaC03:3
6 Sio2: 4
NaCl: 5
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450C-3hr
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Ca(OH)), : 1 CaS0,: 2
120 CaSO, : 2 120 CaC03:3
s CaCO3:3 Si0; : 4
0.1 oy
2 CaCIOH : 7
@
s
£
2 theta 2 theta
Fig. 4. XRD spectrum of raw and thermally-treated fly ashes from MSW incineration plant B.
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Fig. 5. XRD results of raw and thermally-treated fly ashes from MSW incineration plant C.
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