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Abstract

The Jeonju-Il mine tailings contain large quantities of SiO, and AL, 05 and lesser quantities of metallic components. In this
study, we studied about the possibility of using mine tailings as a raw material in various industries. it was found that the sintered
mine tailings had a good quality in every respect such as chromaticity, firing shrinkage and water absorption etc. Therefore if
can substitute clay mineral in the ceramic industry. Also it can substitute about 2.94% of the raw materials of ordinary portland
cement. We can use the coarse tailing as the fine aggregate for the ready-mixed mortar; and the fine tailing, as the filler for the
bituminous paving mixture; because both products were not only suitable for Korea industrial standard in quality, but also envi-
ronmentally harmless.
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Table 12 A Fk )] P o7,
SiO, 85.77 wt.%, ALO; 4.48 wt.%, Fe,O; 1.11 wt.%,

Table 1. Chemical compositions of the sample

Chemical compositions: non-metal (wt.%), metal (ppm)

SiO, [ALO;|Fe, 03] CaO | MgO | K,O [Na,O| TiO, |Ig.loss

85.77| 448 | 1.11 | 2.47 | 0.53 | 1.58 |<0.03| 0.18 | 2.61

F As | Cd | Cr | Cu | Ni | Zn | Pb | Mn

7,900 6.5 | <1 60 35 23 | 141 | 71 [2,100

Q :quartz

M : muscovite
H : chiorite

O :orthoclass ==
E : fluorite

C :calcite
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Fig. 1. XRD patterns of the sample.

Ca0 247 wt%7t FHERoH, FHHROZE Mn
2,100 ppm, Cr 60ppm, Cu 35ppm, Ni 23ppm, Zn
141 ppm, Pb 71 ppm &°| Fi-=o] gt S84 %
AR Si00] FhiEe] & v, FEdEe] Y
o] vre 545 vEhAIth

Fig. 1< #nle] 42EE Ela7] g XA 52
B AR, 4 Y (quartz), =14 (chlorite), &
(muscovite), A3 (orthoclass), B4 (fluorite) F&
o= 48 AR YRt Table 194 WF
Ak Foldle g Felgde el EAFYdRe]
1.0% A% FiEle 542 veiislsd, ol XRD
A AsolA & 4 Qe nket o], 4 FE(fluorite)
A 7IQ1E Aoz FAHE

Table 2& EYLd A AN o3 EFod=
Artel A71E 34 AEH(KSLP), 233 "5l 2
FEA] oL FAsl FlEES WS e
2l TCLP AERE Wyt SE2A8S A A3

d

48 o o H1 o

EFAE TAflM FR=E(Cd), 7-21(Cu), H(Pb),
AE(Cr), YA NS AAS(Perkin Elmer 3100), Bl4x(As)
9} o} (Zn)ye ICP-AES(Perkin Elmer Optima 5300DV)
2, $&(Hg)S FIAS-AAS(Perkin Elmer FIAS 400)
2 EABIAL, EAF)¥ AIRKCNYRE IC(ICS-3000)=
BASIATH ESOEE RAF A3 HlA(As) LEET}
6.6 ppmoE $el7|EE 2HIIH, B4Y s
7t 7,800 ppmO & thA7)EE ZFsh= o2 Ve
LY BA AR EYed FEAEEAIAN EY
e CaF, BFEE e & CaFyol 3
a1%7] w2l AlEe] FAE Faiol

7 U W d71E 38 A
JoflA= 715e] He BE Age
7188 A e, E4

T
B
i

=

I
ol AL
o

A

e
2

PR R )
N
Mo o

2 o St
X2 = fT Mo

2 o x> b

4 T

Adaolgd A 16W A 1 3, 2007



46 EE - A

s - R

Table 2. Leaching results of the sample

Chemical compositions (ppm)
method Sorting
Cu Pb Zn Ni || «d As Hg F CN
results 11.0 | 265 | 883 1.7 0.0 0.1 6.6 <0.05 | 7,800 | <0.05
SEPAK* warning standard 50 100 300 40 4 1.5 6 4 400 2
countermeasure standard 125 300 700 100 10 4 15 10 800 5
results <0.02 | <0.03 | <0.01 | <0.03 | <0.03 | <0.01 | <0.001 | <0.001 | 1.52 [ <0.005
KSLP** -
leaching criteria 3.0 3.0 - - 1.5 0.3 1.5 0.005 - 1.0
results 0.12 | <0.03 { 058 | <0.03 | <0.03 [ 0.01 0.004 | <0.001 | <1.0 [ <0.005
TCLP***
leaching criteria 5.0 5.0 1.0 5.0 0.2
SEPAK*: Soil Environment Preservation Act of Korea
KSLP**: Korea Standard Leaching Procedure -
TCLP***: Toxicity Characteristics Leaching Procedure
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Table 3. Chemical compositions of the samples for the ceramic
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raw materials
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Chemical compositions (wt.%)
Sample
Si0, Al,O4 Fe, O3 Ca0O MgO K,0 Na,O TiO, Igloss
clay mixture 58.33 24.22 2.86 5.70 0.57 1.44 1.52 0.49 5.07
mine tailing 85.77 4.48 1.11 247 0.53 1.58 <0.03 0.18 2.61
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Fig. 2. Photography of firing body as a function of additional ratio of mine tailing at various temperature.
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Fig. 3. Colour change of firing body as a function of
additional ratio of mine tailing at 1,150°C for 2hr.
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Fig. 5. Water adsorption of firing body as a function of
additional ratio of mine tailing at 1,150°C for 2hr.
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Table 4. Chemical composition of raw materials

Raw material Chemical compositions (wt.%)
SiO, AL Oy Fe, O3 Ca0 MgO Na,O K,0 Ig.loss
Limestone 10.50 1.93 0.92 45.64 220 0.06 1.05 37.93
Shale 72.34 10.66 3.77 0.41 0.36 0.02 1.71 10.26
Converter slag 16.59 10.53 3145 36.67 7.55 0.04 0.08 0.09
Fly ash 51.35 2743 6.90 6.44 1.02 0.05 0.80 3.34
Spent Foundry Sands 85.03 4.90 433 0.95 0.47 0.93 0.58 2.83
Mine tailing 85.77 4.48 1.11 247 0.53 <0.03 1.58 2.61

GFu Ao AMSEE e A, HFEEA, fly
ash 53 FARE 3l8h AR 248 203 At wehd
FE HE XEWEAHMEOPC, Ordinary Portland
Cement) 52 83 A4 A 24L& v@sint

Table 4= A BAHE 3rlola BE ZEAN=AH
E ZRAE AR sk AMgskr Qe MeY, 8
PAY), AFEA, A2EYa, fly ash 57 AJER
ARGEL o] SR RS vehd Aot X34
2 Cal 45.64 wt%, Si0, 10.50 wt.%, @A Y)e
Si0, 79.81 wt.%, ALO; 1122 wt%, HFEARE Si0,
85.03 wt.%, ALO; 4.90 wt.%, Fe,0; 433 wt.%, H2
S LE Fey,05 3145 wt%, CaO 36.67 wt.%, SiO,
1659 wt%, fly ash¥™ SiO, 51.35wt%, ALO;
2743 wt%®] SR 248 YeEhSth

ol 3 ¥E F Hvigl EUYRA L) Si0,, ALO,
o] FRFo] i ZolF wojAnr AR FAKE A
B 24e Z7] fEd g9 oix 982 v AR
o] 7Fs¥ Zloz o] ol st AL wAE)
o} A} BAWE SjAlllA 24810 UE modulus FF

Table 5. Mixing ratio

ol A38]3E3}%= (LSF, Lime Saturation Factor) 91.0, 7
2HE(SM, Silica Modulus) 2.60, Z-&(IM, Tron Modulus)
1.609] Bi¥ 7= 7} dREL Yot E¥AE
Azsld 71F A B(phainE A8, aglx 7lE
A g9t FUs modulus FHEZ Y DAl FuE £
3 A= Egslle W] =3 489 wigh] ¢ 4
B 58 vasl AE 45z #v| &E Ve
wh

Table 5= %3 98 F Si0, 927 zhzt dUdH
Ayt B2 AMEIN S o] 2 YEE wiEHE
H)wale] vehd Aotk e AT 7§ 3.77%<
Yoro] Fasty AlLO; 9oz Eglo] o7t 3.89%
AErt QTHAY, FE 2 52 AT 75
e ggdrd)e skl & FuE = 98]
2.59% HAEAA] AMgo] 7HsgE o= HriEIch 1
g} oo g AR dFoite o] ok}
A7) wgel] Az &Hlz E FEeo] olj4]e] &gl
747} 0.16%, 1.04% A% F7H9e Ao vehg

Table 62 Table 5¢F 7] &3 =& A& &3

of raw materials for clinker

Mixing ratio (wt.%)
Limestone Shale mine tailing Converter slag Fly ash
Plain 89.70 3.77 0 264 3.89
Mine tailing 89.68 0 2.59 2.80 493
Table 6. Chemical composition of the mixed materials for clinker
Chemical composition (wt.%)

Si0, ALO; Fe,05 Ca0 MgO NaO K,O Ig. loss
Plain 14.55 3.44 2.15 42.05 2.22 0.06 1.08 34.44
Mine tailing 14.61 3.46 2.16 4223 224 0.06 1.07 34.16
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Table 7. Chemical and mineral composition of the synthesized clinker by Bogue's equation

Chemical composition (wt.%) Mineral composition (wt.%)

Plain | ALO; | Fe,0; | Ca0 | MgO | Nay0 | Ky0 C;S XS C,A | CAF

Plain 2220 5.25 3.28 64.14 339 0.09 1.65 5236 | 24.23 8.37 9.98

Mine tailing 2220 525 3.28 64.14 341 0.09 1.62 5236 | 24.23 8.37 9.98

AR 24E vekd AoE, EEHEY)F BhE A 33 23%E ¥ Y22 HE §Y

3 %3 98 2% 5Y% modulus 7S FH-831417] AFY B3¢ Fu|= Table 13} Figo 190418} 70|
Rl 23 979 35 JEE 79 fAE Aeg B Si0, AR TR w1 FE HYBER FAH
A=At ow, AN F-8FE B5E 98l IR

Table 72 ¥4 7Fsdt 97 A4 38 JE2
XX Z Boguedlol tidste] F@AY] F8 FEe
FHE A dooltt, 2979 MO T3S KS
TEAQ 5% ©BE TAERLH, 71EAEHY #7D
o} FrH7} AEE A4 2F 9ER A3l Az
297 BEY FHFE F AR BEF Gt 52.36%,
C,87}F 24.23%, C;A7} 837%, C,AF7F 9.98% A%
FEo] AFHQ BE TEWA=AWE FR70 FE
2% Jeplidh ol 2% 959 modulus(LSF,
SM, IMygtel EY3slr] Wil Aoz FE2H.

AR oz Fuos AHES] F2 AR F s
Si0, g&o] thEFe 2 giEo] 7] wEel 7€ A
HE FARIA S0, o2 ztzt Aty Y dY
FHLys A8 AR €3 24X MM A= o,
fly ash, FPiFreB® 383 A|HE F3YH 9 =7}
7Fse e Z HrkEAY

o3t Zo] HF UFF Fuld Uig REXENE
AlHES] AF=o B4 JFeA Hrh A% 23, #En

ool Foe

d AHEE R wlg mAE B4 2R sl

B dpdrs o d Fve] 54¢ &3] #st
o Fulo)] el BFL HAI8I 200 mesh ©]d<]
ZPAE 200 mesh ©1319] HiY AER BT F,
ZYMEL AEAEY Ax APE XEEZ(KS L
5220) €52, v)PaEe HAER] JHAXZE A%
AKS F 3501) 22| 384 HAEE ATt

Table 8 E-FiHEE9] 428 2 SRS UeRd
AN}, ZPNER F 32wt AT AEFRH, o
AL §i0, el 91.35wt%E UEMISITE H¥
AEZE= oF 68 wt% AErt EHEHUEH, o] AES
ZHAE] H]3l] Si0, F97F & WHH ALO;, Fe)03
EF37F =2 548 JeRih

Table gl 9l o] 2F FAe o3le] Eeld =4
2 vy 4Bolls S84 AEEC F sl I
g2, o]E A& tidld HUIE 3 AIEH H
TCLP A&l 93 3% §& AgL dAjstd 4
dYELAE E4T 4o F7 EAE Hrlsiith

= AHE ZopollA ik dBARE-shrlol A A Table 95 £H4HES] S5 8419 2, ¥
B 248 242 glom, 25 489 o 259%7KA AF J1E 3 AR 3 8F Addxe zHd=ES
8ol 7Fsd AoE W7 NEAE BE SEE o] A &EHA ot 3

Aoz wle- Fgd AHEUE EIT + AUk TCLP

Table 8. Yield and chemical composition of each fraction separated by air classifier

chemical composition (non-metal: wt.%, metal: ppm)
Yield - -
(WL%) Si0, ALO; Fe, 05 Ca0 MgO K0 Na,O TiO,
As Cd Cr Cu Ni Zn Pb Mn
91.35 271 0.25 1.78 029 0.96 <0.03 0.13
Coarse fraction 32.02
4.8 <1 58 21 42 86 18 1,400
83.48 5.32 1.52 2.71 0.65 1.86 <0.03 0.20
Fine fraction 67.98
7.3 <t 91 47 40 177 106 2,600
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Table 9. Leaching results and leaching criteria of each fraction separated by air classifier

Chemical compositions (ppm)
product method
Cu Pb Zn Ni cr* Ccd As Hg CN
KSLP <0.02 <0.03 <(0.01 <0.03 <0.03 <0.01 <0.001 <0.001 <0.005
Coarse fraction
TCLP 0.07 <0.03 0.28 0.03 <0.03 0.01 0.002 <0.001 <0.005
) KSLP <(.02 <0.03 <0.01 <0.03 <0.03 <0.01 <0.001 <0.001 <0.005
Fine fraction
TCLP 0.09 <0.03 0.60 <0.03 <0.03 0.01 0.002 <0.001 <0.005
KSLP 3.0 3.0 - - 1.5 0.3 1.5 0.005 1.0
Leaching criteria
TCLP 5.0 5.0 1.0 5.0 0.2

Table 10. The results of application test and KS standard for ready-mixed mortar

KS standard (KS L 5220)
Properties Results Spray Normal Hardened Ground
plastering plastering plastering plastering
Compress strength 7 day 14 over 6 over 7 over 8 over 14
(N/mm?) 28 day 22 over 9 over 10 over 11 over 21
Capillary water absorption (wt.%) ' 76 over 75 over 70 over 70 over 65
Air content (vol%) 15 - under 27 under 27 under 27
Sand content (wt%) (residue of 0.15 mm sieve) 72 under 75 under 78 under 82 under 78
Maximum sand size (mm) 5.6 mm 100 - - - -
(standard sieve) 6.7 mm 100 B R R j
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Table 11. The results of application test and KS standard with
the filler for bituminous paving mixture

Test item Result K(SF s;asr;)dla)rd
Weight 600 pum 100% 100%

Particle | percentage 300 um 100% over 95%
size. | passed sieve | 150 um | 97% | over 90%
o 75 pm 94% over 70%

Specific density 2.73 over 2.5
Moisture content (%) 03% |under 1.0%
Flow test (%) 26% under 50%
Inundation expansion (%) 1% under 3%

Plastic index 53 under 6
Excoriation resistance under 1/4 | under 1/4
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