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Abstract

Low-Z particle Electron Probe X-ray Microanalysis was applied to characterize MSW fly- and bottom-ash
particle samples originated from two municipal incinerators (denoted as A and B) in Korea. According to their
chemical composition, many distinctive particle types were identified. In A fly ash, the major chemical species are
carbon-rich, aluminosilicates and many particles are composed of as a mixture of CaCOj; and other chemical
species such as CaSO, or CaCl,. For B fly ash, Fe, iron oxide, NaCl and NaCl-containing particles are the most
abundant. In bottom ash, A and B were composed of similar chemical species such as carbon-rich, Fe, iron oxide,
CaCQy;, and aluminosilicates.

It was demonstrated that the single-particle characterization using this low-Z particle EPMA technique
provided detailed information on various types of chemical species in the MSW ash samples. In addition, the
technique has advantage over conventional analytical techniques in the point that both crystalline and glass-like
ash particles can be analyzed at the same time.

Key words : Low-Z particle EPMA, Municipal Solid Waste (MSW), Single particle analysis, Fly ash, Bottom ash

718 sk 19991 45,6148/Y, 20013 48,499

1. M E E/d2H il Fkshe F40 o eh (@R, 2002). A
9718 A= HiE 200132 AgHE-o] 43%

7 He] By zgel oshd fehviete] A o]x Azbe] 14%, mie] 43%°)EH A RlA
T ——— FAshe F7) 972 2] Ao osh 200540
Tel : +82~(0)32-860-7676, E~mail : curo@inha.ac kr = AL 46%, A27F 23%, WY 31%S 2= 3T

J. KOSAE Vol. 21, No. 3(2005)



368 #Z3A - A - -

3 20113l = AL 53%, &7 30%, WNE 17%
€ Fx= A8 7 3t Hr|ge A w)
& AA Bee FAlolq A7 g 47 Aestd
a7tez Qg 13, wAL) iz HA A=
WA g RAE 37T a7 2RE )
WA AR E o4 4 v Aol
a2t #7189 dadHelA d7) 2oz wEs
BA= A% YrodH 274 He) 5 24 3
29 FA7} 018 4 Aol 27 A2 T

Wege WA AT 4% @A Aol A}
Sz gt Qibd e agAAdA AAEE o
AGEAL d7] Foz WEs] Aol ozt A
718 =171 o8 AlA= 1, HCL SOx, NOx S2] At
el kx4 BRELS 9714 89 Sol s A
5] §7) 299 A Folx 3ok

&7 vFEA (bottom ash)2} w]AEAY (fly ash)=
LRI, A28 A2 A BAPE 27z e
AFIEE vhetAela e, Al el W
A, ARG BARE AL WA BF
o 2 e} JE Az o2 gL A
Emz 27be] aadelw kR HFE 93
M olE] B BAE o et gtk &
ZEE A7 5o a7 A F9 Ale] A
of Wel Al gt B B 2w o v}
o] o)t A7) AE-2 Al Si, Na, K, Mg, Ca, Fe
o AFER F2 FAE 3 A e =
TH e 7% AT delga 59 w8 B
AL Aggolt vl Aol QA A7} el 9}
Aol lemg F2 FAAL Hoio Sztay
T B 27 jiAe) v g BeFsk Y PAe
A3 o2 72 AUl o] ALg-E 3 gle)

9] o479l Kirby and Rimstldt (1993)7} w]=-<]
%A] Charlotte®] ¥ £7t2eA] & %A 474
(municipal solid waste ash: MSW ash)& 2Asl9x=
o) lepAs} BlakEch E3E 279 o 0%
TR fEldz FHe da, veiA| 30%e 2AA
€] mineral YAFER F45 o] Y& WYt 74
e f2d EFES A8 $lsted inductively

coupled plasma analysis—atomic emission spectrome-

i oox rff

op

oX.

try (ICP-AES), atomic absorption spectrophotometry
(AAS), neutron activation analysis (NAA), titration
analysis 52 W& o|&3l4, Si0,, ALO;, Ca0,

71273552 A 21 A35

Fe,03, Na,0, SOy, K,0, TiO,, MgO, Zn0O, P,0;, PbO,
Cl” 5ol F3 a5 E U3k =8 X-ray dif-
fraction spectrometry (XRD)2 AH-43le) AAA 22
<+ #A & 1], Fe,0; (hematite), CaCO, (calcite), NaCl
(halite), Si0, (quartz), TiO, (rutile), CaSO, - 2H,0
(gypsum), CaSO, (anhydrite), FeO (wustite), KCI
(sylvite), CaO (lime), CaTiO; (perovskite), Na,HPO,,
Na,S0O,, ALO;, K,ZnCly, (Fe, Mn, Ca); (PO,), 2] o+
¥ HehFe] 27T T Uz wusHy
=3

Fermo et al. (1999, 2000)2 ICP-AES #Aul¥ o
2 vAE 2A8 A3 CLL Sy, S, Ca, Na, ALK, Zn,
P, Pb7} ¥ Al¥-olx, Fe, Ti, Sn, Cu, Ba, Sb £9]
247t a9 AEYE 23sgoh £33k XRD, fou-
rier transform~infrared spectroscopy (FT-IR), scan-
ning electron microscopy/energy dispersion X-ray an-
alysis (SEM/EDX)& ©]-£&}ed NaCl (halite), KCl (sy-
lvite), CaSO, (anhydrite), CaSO, - 0.5H,0 (bassanite),
CaSO, - 2H,0 (gypsum), K,Ca (SO,), - H,O (syn-
genite), Fe,0; (haematite), CaCO; (calcite), TiO,
(rutile) §-2] 3}8+E3} (NH,),S0,, NH,NO;, 2831
2Ca0 - AlO, - SiO, (gehlenite), CaAl,Si,04 + 4H,0
(gismondine), CaAl,Si,0,, - 6H,0 (cabasite) 5-¢] =3
&t silicates 3}eHEE-2 golalg]o)

Speiser et al. (2000)2 MSW ulgx]& XRDs$}
SEM/EDXE o|8-3le] A8 A7} CayAlSiO,, (Ca,
Mg, Fe**, Al), (Si, Al),0q, Ca (Mg, Fe)Si,0q, CaCOs,
Si0,, Fe’*Fe,’T0,, Fe,0;, FeS,, Fe,S;, NaCl, KCl &
o) Bstze Galsignh

fjoll M= A7) 5(2000)¢] X -ray fluorescence
spectrometry (XRF), XRD, ICP-AES ¥ inductively
coupled plasma-mass spectrometry (ICP-MS)S- o]-&
sled wjAbze] AR U4 BAE T w9k XRF
#4245 w49 48 94 Ca, K Na, i, Al,
Clgl sz =gl on), XRD #M A7} o}5 J4E
o] SiCl,, CaCIOH, Ca (OH),, CaCOs, Ca,AL,CrO,, -
12H,0 §3 22 4318, 3318, 7438, 543
2, WAk, AbshE o EdbsighEe) e EAjehs
A2 BT XRF ¥4 7}49} ICP-AES % ICP-
MSE o)§% ¥AAFs} mmalge o, Az}
YA Dex Sech = AT FQODE 27 B
HolA 245% Arbsted A L AAR F



whe) 9) x}-4 (Low-Z Particle Electron Probe X-ray Microanalysis)2 o] 83t =) &zta] gixte] SAEA 369

AN WANE XREE ol g3l wHT An
C20, Si0,, K,0 50| 2 ] &-& x5}, EDXZ %
W AR BAH3 A3 Si Al Na, Mg, Ca, K2] A2
< gt urt ek
274 fElAs AA -] Ao o] MSW ash
ARkl shehe 2AE AFE7] HeiAMe $A
A& nie} re] o] 7pA] EAHPEE &g olyt
of 4 3lem, ol BAMYE dojE AHFEA
Hogs AZb Almed 2¥E e 7 A9
28 ¥MIFER Aged 2@8F e HtES
TAR oz AABIA] £} ol E Fol, A7l
Si, Al, Na, K, Ca 59] €4 Ao] ‘=" o] &2
Si0,, ALOs, Na,O, K,0, Ca0 5] Alsl2z Zz)3
tha 7P s BAIA o] Sleh

2 dFdME a5 FAERE S FAIA
oz Hekslr) $43ted low-Z particle Electron Probe
X-ray Microanalysis (°]3} low-Z particle EPMA) &
QoA AL Agotolch EPMA DA 2
Aupge SEMEDXE ol48ho] AALAIA W2
Hr X-ray 29 =3 $HA YA Bty
& ¥ 4 ok ze 71Ee) EPMA 34
2= QANE 11 ol Aagtel ¥4 oAl
Hx =AMl sgledl ol EDX 127 ¥ »
532 Y8 A8 o 2um T2 Be window7}
C.N,0 59 ol o) Basle o X-ray
d5-E Fesl wigr] welet. Zeol sitd
low-Z particle EPMA ©2Q)2} £A444-2 ultra-
thin window& #28 EDX Z&7]|5 Al438lo
windowel] o1&k w2 A} WE (low-27) 442 X-
ray 45 A ZAA7]7, o] 4 &£3+F Monte
Carlo AlAHE 7]vto=m A¥slA AAksle C, N, O
59 A Aol e A4S Aghos BN &
9lE 7€t} (Ro et al., 2000; Szaloki, et al., 2000;
Osan et al., 2000; Ro et al., 1999). Low-Z particle
EPMA Tl gl EMuHe 28t C N, 059 ¢
A Ak ge 9a8 Y42 A d71UA)
24el] w5 g3l Mo} shedl, 22Ale) F
2 Aol iRz AeA ool BUYR BAL
Eo) a7e A AU Hege 74
Moz ST 4 g Aoz AARG. o]
low—-Z particle EPMA st} EAulHe] #ApH e
2R} $7120) Aeiale 27 54 4 U

4 of o o a2 lo

o] we} e BARYE H4elok ofe A
FAZe e Qael Sdel BAglel B W) ¥
N ez dolHE d& + A Are) WA
7 Bes Qe Aolch 28 AR % e )
o) ARUAE AF Asges BHFoeH, B W
o BAHgoz MSW ashol HHa A<l st
2AE 4% 4 ke Aol ek & ATl
rouablel 27 2Rl Mz g F0e) F a7
4 “A7g} “B o)A A ekl o} W1AAE low-2Z
particle EPMA gal3)x BAMRE Agaiel 27
Ag s BEe PAdes weksz 7 3
shpe] B2 v ge Gohu A Aok

n
r2

7wy

2.1 227 N 2 AR Fo|
277 “AVS) B9 AAAAE sEsix ey
5 27489 718 A2 4l Mz thadh 27
7 ) B ATkse) A el
afe} WA Ao r T, AT 4%
A4 e B aARE ¢4 e 3

33 Qe F £l 27 4 2AEs) )
A 9l Ame) ARRLE 29 16 by
Sleh “A” 27Ae] A%, 2=AN Sze AHH
7)) Qdasle] AFHE (AL el B
AAZ WAL WA TRE AH 9534
(bag filtenyoll HAHe} WA whge QA A
of 24318 EAjete] AMlAE AASE e
24 AAD vAAE 248 2489 Jge Be

ol
ol
rlo
B

A A71E da Fo] AFIARE AP Aol
oluf LT WA= A71AA e ARE F $2
ez AEo 44 W AR AA s
AQ7E5% NaOH 8ol F4AA A7 sk 33
el 2 dAFel] Abg" wlAb) B oleldt F3}
3y oA e] AR A HHA Aol

Aol Zur] A3 e was]) 2 6k
AT A2 AYE uAb “BrE B S v gl
sler F As 2% 3¢ 7H Fele 4AksdE vt
=) “A7g} B AL sMze W ARt e
FAelder felzdest 3 F9A Eo1AF

J. KOSAE Vol. 21, No. 3(2005)



A samples:

with the addition of CaO or Ca(OH),

I.D Fan

AGT

——| Combustion : |
chamber (Lime slurry)

Bag filter

*Cﬂ—

"> Sampling

(bottom ash)

B samples:

L Sampling Stack

(fly ash)

without the addition of CaO or Ca(OH);

1.D Fan

Combustion

chamber Boiler

Electrostatic AGT
precipitator

(NaOH solution)

l—> Sampling

(bottom ash)

l » Sampling Stack

(fly ash)

Fig. 1. Incineration processes and sampling sites for “A” and “B” ash samples (AGT: Acid Gas Treatment, 1.D Fan:

Induced Draft Fan).
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Fig. 2. X-ray spectrum of a mixture particle with CaCO;
and aluminosilicate (CaCO,: Aluminosilicate = 55%
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Fig. 3. The relative abundance of chemical species in the fly ash particle samples: (a) Fly ash “A”, (b) Fly ash “B”.
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Fig. 4. (a) X-ray spectrum of carbon-rich. (b) X-ray spectrum of Fe. (c) X-ray spectrum of NaCl/C. (d) X-ray spec-
trum of Si0,/C. (e) X-ray spectrum of Ca; (PO,),/C, O.
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Fig. 5. The relative abundance of chemical species in the bottom ash particle samples: (a) Bottom ash “A”, (b) Bottom

ash “B”.
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