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(a) Lime wastes (b) Coal overburdens
Figure 1. The experimental lime wastes and coal overburdens.
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Table 1. Methods for the runoff and leachate analyses.

Parameter Analytical Methods
pH ~ | Glass electrode pH Meter(Corning Model No. 475655)
EC Orion Model 142
Ca Standard Methods section 4500-Nyg B
Atomic Absorption Spectrophotometer(Varian AA-300)
M Standard Methods section 4500-Ngg B
9 Atomic Absorption Spectrophotometer(Varian AA-300)
Na Standard Methods section 4500-N,g B
Atomic Absorption Spectrophotometer(Varian AA-300)
K Standard Methods section 4500-Ngg B .
Atomic Absorption Spectrophotometer(Varian AA~300)
Ci Mercury thiocynate(ll) Method
- 804 Barium chloride Method
Alkalinity O' Brein and Donlan Method

L. 2AMA3|o| 22|38ty S4 X AHXRF, XRD0OI 98t &
2ANGO EL3EN EH4SE AR XE gB3=24)

IR st 242 XM JBE2HI(XRD)IE MBI

Ot 1 Xt Malvern Mastersizer S 2T 24&J[E A5
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L. Column leaching test

AN Hel Al =29 =HOSH T2 RII0I2L 0I5 &S XM 26t Column
ANEE AMASRUCH. Column leaching testOff XM=& Columng A2 2 5CmOIUSH, & &
0l= 90 cmZ2 HMEGSIH AI=23IR 1 Columnlil MEE EX6HD] dH AIE X2 S48 DED
olJl ISt W4 & CH8 Standard Sieve(500um)E ALE3H0i(Fig. 2)0ll - LIEHH Hiek 20l
ColumnOll XI5 222l Column0il 360mLel EF+E 5.0ml/min SHAIA run-offel A= O
CHStH pHSt Cl, SO, BT E, L0IR S8 ZHGIALL

1X Column test(table 2)2 Z R0 Table 10 LIEHH Hi2t 201 H A& & XMl H
MED BAH5E 242 SEAZ N, H HED S5, SEME A2 X S 50 M+
2 PRI ETAAH FE20 SEH42 Lol , Table 10H 2 201 2X Column test2l B2
= BHAAMGO HlS H MEN 8 MEl Q7Y 25%2 50%, 100%E Meldtti(table 3) H
SEOILI 2EXNY SE6IUS B2 S2l(layen)0 HelotRES S E HluUES oA

Dressing Soil

Overburden-Lime wastes
Dressing Soll

28.cm
Coaloverburden .J_
g0cm
30cm

1]

Figure 2. Schematic diagram of the column leaching experiment.

Table 2. The column filling methods in the first column leaching test.

Plot No. Treatments

Overburdens {30cm)

[Overburdens (30cm) + Lime waste] mixed

Overburdens(15cm:lower lyaer)+[Dressing Soil+Lime waste mixed] (15cm:upper layer)

Overburdens + Dressing Soil + Lime waste (Completely mixed)
Overburdens (15cm: fower layer) + [Dressing Soil : Lime waste (4:1}] (upper layer)

G A~ W N -

Table 3. The column filling methods in the second column leaching test.

Column No. Treatments
[Overburdens+Lime waste25%+0ressing Soil] mixed
{Overburdens+Lime waste50%+Dressing Soil] mixed
[Overburdens+Lime waste100%+0ressing Soil] mixed
[Overburdens/Lime waste25%/Dressing Soil] layered
[Overburdens/Lime waste50%/0Oressing Soil] layered
[Overburdens/Lime waste100%/Dressing Soil] layered

O bW N =

% Amounts of lime waste treatments were based on the lime requirement coal orerbureden and dreesing soils
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Figure 3. The buffer curve of the lime requirement for (a) dressing soil and (b) coal overburdens.
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ANEHEZ AISE R4A352 H HE, SEM E22 S8H S42 Table 401 LiEtWH Hi et
Z L

SIS pHE 11.2401A%20, ECE 79.6 dS/m, RIS &2 0.83%0I1UYLD, H A&
pHE 3.5, EC= 0.23 dS/m(1:5), RJI2 S 1.65%= ECY ZR H AHEN Hiol 2443
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Table 4. Chemical properties of the coal overburden, Lime waste and dressing soil.

pH Avail. Exchangeable
EC OoM LR
(1:5) P20s Ca Mg K Na
dS/m % mg/kg  kg/10a —————- cmol(+)/kg ——~---
lime waste 11.24 7955 0.83 7.92 - 233.78 50.54 2.29 77.92
al :
€0 350 023 165 913 1659.90 3.90 029  0.06 0.07
overburden

dressing soil 6.51 0.03 0.08 15.75 36.75 4.54 0.54 0.06 0.12

OM : organic matter
LR : lime requirement (as CaCOQa)

EUSADHYHO EAQRH DHAIEEUH =510 pH 5.8 T 6.32 FMRAES SE0H(1:10)
BEME MR AMAUNM XEIN(EES S 200rpm, TE 4-5 cm, 6AIZHE XESE &
o Rl A8 HIUXNZ MHUSHH =2 HHUE HMZ ot FANL3A H HE, SEMY
=288 245 Z= Table 401 UEHH HEQF 2C.

, Hg, Crel 2= 2F &5 (As: 10 ua/kg, Hg: 20 pa/kg, Cri 10 ug/kg) O1GtAL
0, Pbel ALR= H AEWA 6.90 mg/kgll ZEEUCH, Cdol H=RE RAMMZINAM 0.16
ma/kg, B SNEOA 0.19 mg/kg, EEMUA 0.089 mg/kgll ZEEHYU=M 2F ELYESIE2MHY
ENUQRYE R4I|FE Olote! A= 0|2teR 2 2XIt A = U2 UEGD

Table 5. Heavy metal contents in the lime waste, coal overburdens and
dressing soil with the guidelines of the Soil Environment Conservation Law.
(Unit : ma/kg)

Threshold of Danger Levels
Coal

M\ Agricultural Area Fact:;yil{r;:ugﬁ Hime Waste Oyerburden Dressing Soil
Pb 100 400 N.D 6.90 N.D

Cu 50 200 N.D N.D N.D

As 6 20 N.D N.D N.D

Hg 4 16 N.D N.D N.D

Cd 1.5 12 0.16 0.19 0.09

Cr 4 12 N.D N.O N.D

N.D : not detected

2. 2439 2ol-38E |4 XRFR XRDOI 28t 24)

X SZE2MI(XRF)E 0182510 2&AHE2 22ssd SE42 248 ZIH(Table 6) Ca,
Mgt 22 4201 F8 01812 UY2M, CaOIt 39.289%, MgO 11.451%, CI 10.189%, SiO:
2.831%, Nax0 2.300%=2=Z Na%t Cl §2 E& #&: =2 A2E Ue:h.
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Table 6. The elemental composition of the Ilime waste and coal overburdens
analyzed by the X-ray fluorescence method.

Elements Lime Waste Coal Overburden
NaxO 2.300 0.142
MgQO 11.451 0.339
Cca0 39.287 0.215
SiO: 2.831 37.109
P20s 0.039 0.150
K20 0.152 3.468

Cl 10.189 ND
Fe20s 1.029 4.760
Al203 1.313 21.152
Cr20s ND ND
MnO ND ND
Sr0 0.037 0.011
Water content and 31.065 53.354

Loss on ignition
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1990)01 218t %%E’C’ FHE2 Table 701 LIEHH dtet 201 (HR20l CaCle, Ca(OH).,
NaCl, B&tZ s, 430108 S22 018 S840 CaClet 2301 &84+ FLEF0101 M
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Table 7. Chemical composition of the waste sludges produced in the distillation tower

Composition : Contents (g/L)
CaCl, " 90 T 95
NaCli . 40 T 45
Ca0 or Ca(OH), 273
CaCOs 6 ~ 15
CaS0a 375
Mg(OH)2 3710
R:03 + SiO; 2 77

R203 stands for FepO3 and AlOs.

208 HX SHEA gMEs B 224Xs 208 1tonE 10m°0l SAE

UL, 08 & 1t0n_-| CaCl1t 0.5ton2 S(NaCl)Ol ZEENHH U= A2
UDLIO-ACHHS CHZPMAN H&s ZHOPDIE st A(NaCHRHMBE L E3Ee 2204
3= SFHUA ’EHEZ 2ol HIIS(ACHS Motz 25% HTol DS M0l 2MzS2 0/
et ZME X2l & HIIS WESH 2As I}ﬂ-'sD} ZM=2 &O0tULCH

H S&o

FRE 22 =42 Si, A, FeE0| FE 010 A2M, 11 H2 Si0OIH
37.1%2 & YUULD AlO; 21.2%, Fe03 4.76% =92 LIEIHCH

SIS FE 220 (st 422 XM SIZEAII(XRD)E 0|85I0 248t 21, U=
0l Calcite(##ai4:CaCO3)2 Qualtz(&4¥:Si0;) 12l Plagioclase[ R & A (& & & albite)
NaAISizOs 1t 3l &4 (IR A anorthite) CaAlSix0s]0l R0 AE A2 LIEHCH(Fig.4).
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Figure 4. X-ray diffraction graph of the lime wastes.(Cal : calcite, Qz : quartz, Pl : Plagioclase)

Gt faAsol X0l Particle SizeGl CHEt &% FJl EXE 2O0EJl Flsh Malvern
Mastersizer S(Model : Mastersizer 2000) 2= EA4JI1E AE3I0i ek A4S & ZDUAM=
HHMAEOZ 40w IAJNIE e SN2 BHEI IHE RME R UHER2H([Fig. 21], BE3
Jlel IXtDt 8.60vol.%, OIALE! 22X+ 53.1vol.%, 2ai3J1el Xt= 38.3vol.%=Z OIAFE 2 AHDb
OIS Y0l st 222 21D UCHtable 8).

Table 8. Grain size distribution of the lime wastes.

Grain size distribution {vol.%)

Clay size (<2um) Silt size (2~ 50um) Sand size (504m~ 2mm)
8.60 53.1 38.3

3. Column leaching Experiment

2t columnOl= 360mLe E84E SIAIH MHFHOIIASCH Columns SHAIZ! EF59 &
LysimeterS 242t HIWE [, HEUYIZ2 HINE B 2 70001 0l&to 2420 HHEH=
ol AL2ULS SRS ACZE HUSGHOH leachatel SE EHT WHH2 LU L&
dog HoEC)

Fig 5= 2t H2IZ 2 column2 S8t leachatel pH B1&E LIEHH AN OICH

H SEHTRT 1), H MHE/(RAANI+EEM)TRT 3), H MLe+2uAAZ+=ER/ (TRT 4), H
MEHSMMS/2ERM(TRT 5) XMalRo ZR= UHE HEFQ pHAS UEHHD JASL, H
MEH+SAMS (TRT 2) MalRMAE pHIE XI&EXNOZ ZEJi6ts AR UEMGCH B AEHTRT
1) Mel3= pH 58 |SAGI™CH, H A/ (BEMH+R448]) (TRT 3) Mel2UHA Z=IJI0E= pH
B8.5MX EIGIHOLL pH 58 KXY, H MHe/828M3/SE€HM (TRT 5) XMaFL FRE
pH 4752 KXdtd=0, 0l column & 2019 50% Olag XXIdt= StER2 H AEHS0
Ol Jiolel HoZ EHEICE :

Column2 E 15t leachate® pH= TRT 2 > TRT 4 > TRT 3 > TRT 1 > TRT 52 =2
LHEFSECE.

pH

[ 50 100 150 200 250 300 350 400
Leachate Volume (ml)

Figure 5. pH of the leachate passed through the column.
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EC (dSim)
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Figure 6. Changes of the electrical conductivity(EC) of the leachate passed through the
column.
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LHEMG CHFIg. 7).

0l 20T S35 sE8 FEFHOIUAL, HY ZEEX U= 2022 ZAEULCH Tetd 4
S350 Mot E250 220U BHEE 2LAANII=E ROF BCEMH, 0lHE ShE Ratadz)
o 2AULITI 2F AISHE WNMX XISE 2102 OAECCH '

S

250

200 +

P -
DIV
4
DEWN =

150 A

SO‘L(mgIL)

100 o

50 4

o ]

[} 5

100 150 200 250 300 350 400
Leachate Volume (ml)

=)

Figure 7. Concentration sulfate of the leachate passed through the column.
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Figure 8. Changes of the leachate pH when amounts and treatment methods of the lime
wastes were varied.

Fig. 92 Fig. 102 SMAg9 Ml Meludes delzll2 O leachated Clot SO, &
BSIE LIEtH HO0ICH Clel E R Lysimeter MEWAS 20 ZJ/0 E&2sEI S0 BHES
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Figure 9. Changes of the leachate electrical conductivity(EC) when amounts and treatment
methods of the lime wastes were varied.
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SO.28 B2= Clite Uax UE EHZ SBELA=sU BHEY ZBR= UM Clt HI=5HR”A
Lh, J38E 017 EEsZ2 ASTE CIE20 =d 440 mLot 58 0150 AFFHEX

22 ZAERYCE Ol £ W 80,2 0I5 SHOl 28 X222 SO0, BE 0| 2 CaB
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Figure 10. Changes of the leachate Ci{a) and sulfate(b) concentration when amounts
and treatment methods of the lime wastes were varied. '
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OI&2 Column A8 ZIUE Soll I He+24845, H SEHRAALAI+EER (EE) Ml
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Figure 12. Changes of the leachate Ca (a) and Na concentration (b) when amounts and
treatment methods of the lime wastes were varied.
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Figure 13. Changes of the leachate Mg (a) and K concentration (b) when
amounts and treatment methods of the lime wastes were varied.
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