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Evaluating Stabilization Efficiency of Coal Combustion Ash (CCA) for
Coal Mine Wastes: Column Experiment
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In this study, coal combustion ash (CCA) was evaluated for its stabilization effect on acidic mine waste with
column experiment. Total of six treatments were installed depending on mixing ratio between coal wastes and
CCA (0, 20, 40%) and mixing method (completely mixing and layered). Artificial acidic rain (pH 5.6) was
used for feeding solution with flow rate of 0.05 mL min'. Result showed that higher pH of leachate was
observed as more CCA was mixed. The highest pH in leachate was measured when 40% of CCA was mixed
with coal waste (pH of 5.8). Also, complete mixing with CCA and coal waste was more effective to increase
the pH of leachate than layered treatment. Regarding the reduction of soluble Fe amount, the highest efficiency
(78%) was observed when 20% of coal ash was completely mixed with mine waste. Based on those result,
optimum mixing ratio of coal ash with mine waste can be ranged 20-40% depending on environmental

circumstances in the field.
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5] o] fofflrt, 53] Aegite] 7% e = ANt

Rom oA wA9 siae St =TS HA R A
E A} (Lee et al., 2009), 3FA|qE, 1980t ZHEEE] A}3]
s, opAeIA 9 59 olfe BYUFol 1t
o] 2471 wjo] oF 97% (AegAk 3000170 O]*})ﬂ 5=
SRt (Kim et al., 2005; Kim et al,, 2006; Lee et
al,, 2009; Yang et al., 2006). &9 AetgAlo] =715t
whe} Hjehgol A WAsh= oF 29 o]4e] FAo] FAkE
& Aste] ApHo R E o] glom, AXE #H|Aof] [
g 7oL w Aol F-8-5 Fe, Al, SO, S} Wh-g-3}o] A4
ZAHl4> (acid mine drainage; AMD) 2 5=+ 9Fo] 10 Tt
E day ' o] = Aoz B1E T 9t} (Lee and Song,
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2010, Jo et al,, 2007a; Yang et al,, 2005). SHEAS &
ks AHdiblaee s 5 2EA (853014
5] HEE, Aebgole v o), AHREA, WA, 3
T4, 1A Fo] Ao wEE o] Akslr) o] Rl H
o] &5 WEThe 24 pHYF ol BT (Ko, 2007; Lee
and Song, 2010; MKE, 2007; 2009; Yang et al., 2005). ©]
27 SRS AP TR 7RO} ulAke] o]3] BlAoLt
Egos folEo] ede sk, 53] sk ez ¢
3f] BFslEA; (Yellowboy), HHSFEA) (Aluminum Whitening)S
SGeh= Ao 7 A4E A )k (Adriano, 1986; Jung et al.,

2005; Nriagu and Pacyna, 1988; Yang et al,, 2005; 2007)
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& sk S4E etk 59, Sa52 @0 4
A5 nAES] B Al © AEA, HoldME 3 QA
29 79 59 #AE =AY = 7] ol HA sa%t
AL A o]frE2 =] a1 )t} (Adriano, 1986; Nriagu and
Pacyna, 1988; Yang et al., 2005). o]&3t EA|HS 2=
AHdgAh o] Eelie Fekyo] gl o8&l gl
1, =312 93t 222 A3]4] (limestone; CaCO®), £413]
(hydrated lime; Ca(OH)s), R413] (quick lime; Ca0), WS-
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A (Dolomite; CaMg(COs)2), &1 (slag, CaSiO;) 0] F
=2 /\}%—HJ_ At (Kim et al,, 2004; MKE, 2007; Yoo et
. 200, olzfet Be) FHH B Ca, Mg 5 oFF
4 23HgoFol 9-& BG3HTL Azre]Es Seok AT
W 7 Sas5s 584 FEIE Wil A7 = wlA
Y32 71X AL it} (Yang et al., 2006; Yoo et al,, 2005),
/}%]l;i_]—x].%]_% /}:Il OE];]— X]&_Z-I_Q_i 0]_9_'6‘]— 2~ OL‘:_ 741—14_9_
2 Aolilx) 8 52 95 W o ALgEo] S, 5
Agk <12] HsolE 751 HEHAS 4:00] olEslel
tf-gef A0 dRE AMEIL 9 (Roo et al,, 2003),
49 Aol vk SN e oo e
RS QIE} (Jo et al., 2007b). HAYEE AEks]=
i A] (pond)E PRASE] vislaL gl AP o= d,;xﬂ UH
Rgare] B2, el ofat At 5 97 BAIS ofr|Al7]
I 9t} (Kim et al,, 2008b). &}A|qk ﬁ%ﬁ% =odos
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Slol FUE Aol OJ3) Caol Thp FfrElo] EEW UL
2 B3k et Wl pH WAL FES QPyeh HuE WAY
S qle Aoz waEd, oot Zo| HaBl: F34 oY
ak2 o)) 2 Ak&m s HYI (), e, &

‘—n_.ﬁl 10 o= o e S
3t At E o] 83t ekt e dEAe B2 Fd A
9] 3tolehs 2 ofo] YIS o= Bekect

SAMNEL EHEM £ Aol AR Agkgil 9
Ao 7Rl e AT ARG AR ek (1962% A9
2004 Aebabdgte] st AR wet Hd) o] #HA A x|
Al 58T (MKE, 2005). E3F AJes]| 4] 2] °WQ€ el
AR AEs]s st o] ot A 3k
P & sk BlAR (fly ash)@F HPEA (bottom ash) &
ARESEATE A SAIAEE XA 3)EE4] (PANalytical,
X pert—pro MPD, USA), XAl 3484 (Rigaku, ZSX—100e,
USA)& o]-8sto] aFela] 2/4d& FAI5HITH (Moon et al,,
2010; Skoog and Leary, 1991). T3t o|3}slEAL EoF Wl
AEAEA (NIAST, 2000), ESF A3AAIEH (ME, 2002)
of Fdto] AASHTE FAAES] pH 9 ECE 1=}

=9 Hl&S 158 A" = 7171245 B8l (Mettler
toredo, S—20K, S—30K) ZA5}9om )3+ kol L]
22 IN-NH,OAc (Ammonium acetate) & =Z3}0] AAS
(Atomic Absorption Sepectroscopy, Shimadzu, AA—6701F,
Japan) & A3 87| B82S Walkely—blackH2 o]
goto] EASFIAL (Kim et al,, 2010a), A& 5 5549
ekl ICP-OES (Inductively Coupled Plasma— Optical
Emission Spectrometry, Thermo, iCAP 6000 series)S 9]
23519t (Kim et al,, 2008a).

2010; Park et al., 2006; Yoo et al,, 2005), ZH g
W o]e9] o)=L FA3F}5l7] sl o}=2= (I.D: 4 cm X H:
35 cm) = ALaHc, AT e A2l 4] A
o5 Y B SHAY sHAL, F 600 g2 1
E2 30 cm] o] (8FYUE 1,59 Mg m 3)_% =
(Fig. 1), Agts| Ao Aejs)= Aehs]o] Amekd hg4l
W& o]8sto] APgstal e, pHE 6,568 WAsl=t] 4k

£ RS 40% (W W HE ARZEIQIT) & dAFofifs At
3lo] H7jRe BAIZE ol pHE WA 4 9l 4w
4072} Mers)7h A2le & Ay Idl A7ke ek 20%5
g (14 T Helmsh vl ok sgic A 2 4

HolE ST 2 deE #7@4 %‘% HOH pore
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g7t =
Flsto] AR Bt Solo] SAHE AP B9
™, ojuf A7k ARt el oA Al FA1ZE (HRT: Hydraulic
retention time) O.& dFFTH FTAE Ao AZHL olF

AE739- (HeS0s @ HNOs = 6:4, pH 5.6 fixed) S AME-SF
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Fig. 1. Schematic diagram of column experiment setup.
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1, AEHI (peristaltic pump)S ]88+ 0,05 mL min "
of gerom A4Hom skt

Mz & B AEFYoR AEHe ARy
J1= pore volume®] A& 71E02 Aslglon, 7 A
O 2 HE 20 pore volume A4 AAES TRA|HOZE HF
stk AR E A& A 8459 pHeL ECE 574
ShlaL, wAgEol what AT (HNOy)S 7Fste] pH ( 2 o]
sho] e = g skt (Kim et al,, 1995), E3F, &
AE T8 T 29 Y S50 H 1P EAFE+= 10 em 7F
Ao w Folsto] HA9] g} AldS AAISkRlHE ARl
A QFEE HA Y FaE 22 SHRTE o8 84T
2 (25C, 180 rpm, 2 hr), 4= (Aqua regia)S o]-83+ &3
% (105C, 2 hr) o2 TRste] HAjshlch, WES 2 w4
9] &4 GRS ICP-OES (Thermo, iCAP 6000 series)
oFo]- &2 AAS (Shimadzu, AA—6701F), 290]2-2 IC (Ion
Chromatography, DIONEX, DX—320)& ©]&3}o] ATFs5}
ik
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Table 1. Description of treatments in column experiment.
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A 9] sy pH 9F 3.29] ZHAH Q] v IASA 2 A
vlAbA| e} vieA) o] Wt pHE ZH2F 1101, 9,

7= Aoz AR AVHEES] ¢ A=
2,960 uS cm & 7| Yehd vhd vl o}
2 yoktt w4 o] g2 diFie] goelo] Fxalke
B 2] Al A] ZEe] AL ol HgtelA] et (Yoo
et al,, 2005), SFA|TE Agk3|e] A9 thgFe] {7]& (5.8
7.7 gkg ), Q1AF (228.5-396.2 mg kg ), L (51.4-149.7
mg kg )50] EAEhe Ao el d4a Zgdt 4
vl E7F JRAE 5 e AoR dhEnh e¥: BAE
I w4 e] - d3t dFulEe] faFe] 247 594.2 mg
kg ', 190.6 mg kg ‘= Aek3|o] v|s| oF 402} sul H=
Eokom ogjgt swo] A YRulgo] JE4E 8
g AL FslaAtol) WislEA) (yellow boy or whitening
phenomenon) & St 4= 9}, w4 & Aeks]o] FER
4 (XRD) ¥ Y4z (XRF) 44 3H= Fig. 2%} Table 3
of Ueplch Aehw4e] XRD B4EY 8 FE 4y
(Quartz), ZFE4] (Magnetite), 214 (Pyrophyllite) 2 2
I dFulEo] o g0 FETORE RIS 4 ¢
Ao o= XRF SA AN BRI 4= Ql9ich 4
e15]9] XRD £4 47 59 FERAFLS Y (Quartz), B
2to]E (Mullite) 2 XRFAZ}O] UERFS Si02F AlOs7} 3
2 Aof| 7]Q1st ALo& HofXr} o] 2 theatgfe] 21,0,

Treatment Descriptions PV HRT'
mL h
1 W Mine wastes only (30 cm) 93 31
2 WC20M [Mine wastes and CCP 20% (20 cm)] mixed + Mine wastes (10 cm) 100 33
3 WCAOM [Mine wastes and CCP 40% (20 cm)] mixed + Mine wastes (10 cm) 114 38
4 WCAOL Mine wastes (22.5 cm) + CCP 40% layered (7.5 cm) 126 42
5 WC40MD Column 3 (30 cm) + Dressing soil layered (2.5 cm) 123 41
6 WC40D10OM [Mine wastes + CCP 40% + Dressing soil 10%] mixed (22.5 cm) + Mine wastes (10 cm) 97 32
PV : Pore volume
*HRT : Hydraulic Retention Time
Table 2. Chemical properties of coal mine wastes and coal combustion products.
pH ECis ca’ o oweT K’ P,Os As' Fe' Al oM'
155 uS e’ mg kg’ g kg'
Fly Ash 11.1 2,960 149.7 184 112 396.2 12.9 11.6 23.5 5.8
Bottom Ash 9.7 108 514 13.1 6.7 2285 14.8 164 20.7 7.7
F/A+B/A (1:1) 10.6 1,690 85.1 143 8.6 2413 11.9 12.8 21.1 59
Mine Wastes 32 322 1.6 0.7 1.1 4.2 ND' 594.2 190.6 1.6

"IN-NH,OAc extractable
*IN-HCI extractable
%0.IN-HCI extractable
YOrganic matter

"Not detected.
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Fig. 2. XRD result of (A) Mine wastes, (B) Fly ash,
(O) Bottom ash.

Table 3. Result of XRF for mine waste and coal
combustion ash. (Unit: %)

Mine wastes Fly ash Bottom ash
SiO; 53.00 50.10 52.60
ALLOs 26.80 30.00 22.40
Fe,03 7.70 9.02 11.50
SO; 3.81 0.51 0.06
K20 5.72 2.00 1.71
CaO 0.29 3.39 6.93
MgO 0.23 0.91 1.78
Na,O 0.19 0.20 0.77
P,0s 0.17 0.54 0.27
MnO 0.02 0.10 0.15
CuO 0.01 0.02 0.01
NiO 0.01 0.06 0.01
ZnO 0.00 0.12 0.01
TiO, 1.59 2.37 1.19
LoL' 035 0.73 0.55
Total 99.88 100.07 99.94

*LOI., Loss on ignition.

267914 A% w37} e, 2 theatgko] 16,6, 33,0004
gelolE m=7} shelsicks Maaiel A5t (Roo

et al,, 2003).

HEs U 5335 2-E S84 it AE3]E o
&3 w49 g3t aesd H7HE flsl A& pHeF EC
= 2UEH sielen dik= Fig 30 YefSlth ddol
HAehe A NPT (W] pHiz 3.5~4.09] 558 A]

& 7|7} (20 pore volume) F3F A|&EAH 02 FX|5l= Z o2
LebRe o] wajel 39 Sitol 2ol AHe] AEo)
of WMoz GEE wAR Ao BuEd, Fa A
1ol Sfap o4 W) ARt zlolr} WA s )
2} okzo] AkstEm oo o3| pH A5k} WS Zlow
HAET (Lee and Song, 2010), Aek3]7| A 2]H A 2]42]
A= AP Aol whet tha 2po) 7} 9l
Sieh, Hele] oHE AT 4% G 5.0-6.0) 5 20% o
4.5)Q1 Aoz yehuy, U A2 (40%)2 Aol
w2 §84L2 4SS (mixed type, pH 5.0~6.0) ) ¢
#]2] (layered type, 4.0~4.5) Q1 Z1O2 YeEPth, 7|4
wo] Ao g2 Aejet BE A2]TLo)A] 1,500~2,800
WS em 2 Z7|gko] =9kont, 3 pore volumefEl= QHA

stElo] 500 uS em S FAISHE 20 & UERT o)

Ae] 35k Autalol] F4E olLo] BEN] 4HY
dell o8l 27]of i Ao & AFET} (Kim et
al,, 1995; Yoo et al,,

H Ak

5 o gely] 7
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[e] o= L =] S O =3
3A, B> 4 pore volume7}A] W=7] SEETH 11 o] 55 £ AT Fdstglon ole AntE 58 uf Ca W
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350 140
(A) (B)
300 4 120 4
e
©, 250 —e— w =, 1004 J\%
........ O WC20M i
g€ 200 - Ty wedom g 804 O Y\\ o wczom
- — A —-- wcdoL -
S — = —  wc4omp s \ ———w-——  WC4OM
2 = ——A—-- wcaoL
B 150 - ——O——  WC40D10M £ e04 2 — = —  wc4omp
§ 8 y | — —O——  WC40D10M
c 4 s 4 .
§ 100 § 40
© [
O 50 = 204
0 - 04
0 0 5 10 15 20
Pore volume Pore volume
80 25
© ©
704 £
\ w 204 —e— w N
N —— e Qe WC20M /
", 604 o~ O WGC20M - CUT aom /f \\ﬂfﬁ"‘ﬂ/\é\ﬁ\
2 =l A AR ¥~ WCdOM > ——A—- WCdoL 1 N A\
S \ AT wcwkno € 117 — = —  wcaomp g =
s g \ — = 40 & ——O——  WC4O0DIOM
2 | —.—O—-—  WC40D10M k5
£ 40 £ 104
: ;
g 30 g
N‘ov E 5
3 20
10 7
0 . : . i
0 0 5 10 15 20
Pore volume Pore volume
120 50
% (E) (F)
100 - % 04
80 Q o
; ——
g r‘ O WC20M 2 30~
3 B ———w—— WC40M c
g 71 i ——A—- WCAOL S
B [ — = —  WC40MD £ 20
A — — [=
§ 40 4 ‘\‘\% —o— WC40D10M §
c .
8 ; 8 10
< 20 3
0 - 01
0 0 5 10 15 20
Pore volume Pore volume
4 2.0
(G) (H)
3 Q\ 15
o Q Qe WC20M o
S Q\\ L ———w—— WC40M 2 ———
Y ——A—-- WC40L Qe WC20M
s 21 ' L — -m —  WC40MD s 101 ———v-——  WC40M
= ; — —O——  WC40D10M = ——e We40L
g g — = —  WC40MD
8 5 ——O——  WC40D10M
2 14 S 054
8 8
o (2}
o < Ega
0 004 =EF oo I E00 00000000000

Pore volume

20

Pore volume

20
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A}ﬁ]-o]i (OH) Eo] 27]- Oko]ig] %_:L_/-\_jq_ ﬁ-sl—g].o:] ;‘d;@]
HE Zlow AlrE d ) B e Aol
10-15 pore volumeZ}A] 4~20 mg L 4302 £20] T
L7} 1A} Bhehis AT hehile), AT Folihe
Hersle 2912 Aie AT (WooD)2} Aeksie} e
A} A &5st 225t (WC40D10M)©j|A] 10 pore volume
73] o) gauol tzol via) BkeL} 1 5 WAk 7
4~3}0] 16 pore volume B tj27to) H|3] W2 A S=F
& Uehjoick, Aol ek A o) (R, R
b 5.0 ool ] B-8-492] Hto] Wil H3lE (eks)
= A8 7 Al3lof|A oF7]E CaC0:9] FFFSE Fe(OH)s,
FeCOs, u_l Fe(OH);gQ]' ZEI—% B_—aH 57} wg %Q./H il Zﬁ = 0
A} (Jo et al., 2007a), &2 pH (Fig. 3A) A=
anug dol 8% Tol 1 B T Ao Aol
(WC40L, WC40D10M)o]| That pH7} 5.0 wgto]o] g U
IFE0] pH (Fig. 5 SA] EF (0-10 cm)= A&7t H
of pHi= 5.0 Hlukel AO% ZAEo], 27]of M) SEe
o] B 02 Z7ek F 16 pore volume O|Fo E-&4
AEo| FAEo] gt Ao g AlgHr) gHitole (80,7)
o1 4 S ARIFRA Al TE Aol e,
Ao g 7hasto] 20 mg L'42os §A|EE A
Uebtek, ol Ae U pi 27104 Fekze)
3o 28 50/ ol2g Fr|HoR WE Ao Bod
t} (Moon et al,, 2010), 3 Aers]o] shGxo] QT As
o] 7% 2|t 0.18 ug L' 02 H&o] Hglon o= g
oA IASHE HEE $47|% (50 g L)EL B 55
o7 BEFSI) o= Aedof v hEH Caol As
of Whgelol Ca-As-0%) 2 HEA SEHES A4Sl
AAE AoR AFHY (James et al,, 1999; Kim et al,
2010b; Tony and Pant, 2006).

mzm
Tt

748

T=

e

£ W78kt Figure 5+ Z9 U] 914 2] 3148 (pHis)
< Yehe dizTe] 3¢ 27] Hi4e] pHe} vlset &
Ql 8.55 FAlshe A= Yehidth shAT Aga]o] Ae]
o AN 2= o= Urhe, of2fdt a8 A
©3] o] Afergol] whel Afo]E LTt (Yoo et al., 2001).
Y A (010 em)©] -9 Aeta] o] Af2|=gol| wket 20%

L
.

\j o1
F3} (WC20M, pH 7.5)9] B3] 40%E3} (WC40M, pH 8) 3]
271 0.5 unit ~F9] pH AA5a s el on, 40%7}
Ae]E o2 A2t (WC40L, WCA0MD, WC40D10M)2] pH
= 8Pl R v WA EE= A o=E eyt A3
AHelgko] F7Fst % pH= 804 WA= A] ook=d, o=
Aek3lof| Shf-E MgO9] 8-8l=7} =3] WolA F3lof da

oF & WHEe] Awvt &8iA7|H pHE 2E7E Aor wtt
Flt} (Kim and Kim, 1981) 50| pH wAE AN
71491 Yoz sHo HHoe PR vA= AR Y
Epyith SR (10~20 cm) pH RUEE A} #A 1} *4%
32 hHEg st WC20M, WC40M, WC40MDe] 7

A AlEe} Bl o R YERATE BEAet ﬂﬂﬂ
S5l5E 2] 2] (WC40DIOM) 9] 749 pH 5.7 &0 & e}k

vt} ol AY | 2AE B0 3] Jero g o
o] 27 Bl S AEETt Zrpele Zheoleo] B
2SS Asl, FAE SR sHE ofsel 7190E A
oz gotEct A FHE AR F$ 2 mm AAF
3k Al B2 AL Ysd), w43 Heksle] AS R (eF
100-300 zm)©] BEZ7} wobm HEfo] AL thEE { mm
oo EAEIG7] wdl Ao wekEh ﬁ%ﬂ%
o2 AbHo|| A2|Ft (WCAOL) 79 Aets]el 27 ul
3}A] 9FQEA|EE pH 4,52 T 2ol 1] 1 unit HE Ak
At o= ARelA SEE Agolo shiolso
ZAtE wetE), olefdt AR n|Fo] & uf UF 3t
R s F9] AeE A9 9%15—?:}7
vkl 4 Ao g ghetE|o] 2
AFS Z=aaljof 3 Ao g ALRETH a% AFghe. 7]
2 WASE] 98 st (20~30 cm)ol] HARES FXIgH
] 72 WC40MD (pH 6.7) ) WC40M (pH 6) > WC20M (pH
4 6) > WC40DIOM (pH 4) ~ WCAOL (pH 4) ) W (pH 3.7)2
o7 yepylth ol2fgt Axke Aeslel A% whgo] o
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(o]

=) OI> o
o o wo rfu O @
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Table 4. Calculation of soluble Fe mass in each treatment.
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