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A Study on Development of a Liner Manufactured
by Mine Wastes and Polymer

Ho-1ll Chin*, Kyoung-Won Min**, Kyu-Seok Yeon*** and Young-Wook Cheong#***

ABSTRACT : Development of an effective liner by utilization of the tailings from the Imcheon mine and poly-
mer has been tried. The tailings piled in the Imcheon mine, whose true specific gravity is about 2.86, are
composed mainly of quartz, alkali-feldspar, muscovite and pyrite, and mostly (93.7% in volume) coarser than
sand grain size (50 pum). Strength, leaching and permeability tests have been performed on the test speci-
mens of polymer concrete manufactured with various mixing proportions of tailings, unsaturated polyester
resins (UPR), calcium carbonates, stone powder sludges and granite soils. Polymer concrete specimens with
stone powder sludges or granite soils as fillers and aggregates indicate 2.5 to 3 fold higher flexural and com-
pressive strengths and lower permeabilities than those with calcium carbonates, which shows their usability as
a waterproof liner. Also, the polymer concrete liner with stone powder sludge fillers is more advisable in
aspects of utilization of waste sludges than that with other fillers.
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ozl HE4E Qg AR B EAFo)
WAE T o) ek os FAHNE A By
FARE A9 2NN e A4 2 ) 9
5 st 2pAE AP Vi et @ F e
o, B¥AoE 484 S AeT Ala"Ee 293
EWY (natural clayey deposits), T3 E2}t
(compacted clay liner), U3t xt4gt, - EXS
gt} GRS FAl o] 88l EfRlH Fo
o (XY, AFH, 1999). =35 ASNAE Aeute
2 AE, fIEYo|E sle Foh} Fekidg, 7,
olABE 7UTEE|Ed (high density polyethy-
lene; HDPE) 53} 71 §A5AE o839, A
Ev WiELe|ES] A u|st Avte]n, A
AMA] 48 4E A 24 g4 feEe
AL AU glon, HEXpute] Agor R
WG} w2 Qg FeEliERY FRA]] &4
o] Fa3% EAFoz AAHZ At (Keller et al.,
1986). Wb o B¢t oFe] AL AEE wigAY
Aoz o] 8E] S8 J|1E HAAS d8) B2
F7F 89 8} v} (Daniel, 1993; Rowe et al.,
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1995; Czurda, 1993; Clark and Davies, 1996; Murray
et al., 1992).

Ho AdEokl oA e 2 FZ A, HAA,
adA 5o 52 ol o|l&FHI e Fuy =
HEE Z99} FAE B3R Aoz fxd we
AN D TS AT 4 S, 271 27
= o) sissid, 24, HEAY, WinkeA, Wk
A3 54 - gallol e AP Fol 718 AHE
ZaderTt 53 Aog A ot EFE 4
Fol HAEe] Je Frie B I FEZ H 4
EF QS ¥I8I Yo o= A= ArsEE 7t
Az glon, o|HT Frlo] FmE Arisld &
9] f22 WAsE 2Ty gyl AdE AT, &8
AoA YEE BolsAl AFe 4 g ¥Rk oy
2, g d 244 983 EAMF] gr EAlRE
7}, HDPE 59| o] & EAHEE siZdE 5 3L
3, FA7) 89 Agggolghs 7 218k SH
QAME A=) gA mgo] & Felr}, o] A= F
A AxiHo] Qe FHE AR sje Aol
G353 Z2 A5ute] AR 7rsEE BAlse o
E2o} gt}

et 3 AR #

P (F GFANE BATAY FAGE
o AYUH N fxshs F-& e E 4
o] Fee Eerdniel 9 e €58 FE
FFo Agul Faro EA 4o A vy
< sl ok @WEFGRAEFAE 1979; 1984).
AZae 191639 MNFd o|F, 1978 F%
1988 HF @F7A gy "W 7HEH ke
AR o2 suEon, F 12,000 kg A4k dHo)
Ak (NFFYRAZFZA}, 1979; 1984). AA F4t 3
die A FATEA 1 EHAUY AFA WA,
AR T AdEo] WAR A gol Ao, 3%
Ze] ol AL HES FuHPe F2 FEH
& = Fu7} & 9240 mPe] AR 2o eH), 2
TRE e 33,000m’s F4tET ok @Y 7,
1996).

o] ATE FY3P] sl YAFAF FH FHA|H
o] 9l o2 A9 PuiFolM YHom o g2 FE
Aol Bu|E F 7o sgon, + AFF F
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24 wE do, o
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Fig. 1. XRD pattern for the Imcheon tailings.
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Fig. 2. SEM/EDS ( X 500) for the Imcheon tailings.
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Table 1. Grain size distribution of the Imcheon tailings.

Table 3. Specifications of initiator.

Grain size distribution (vol.%)
Clay (<2 pm)  Silt (2~50 pm) Sand (>50 pm)
6.30 93.7

Specific gravity  Active oxygen

Component ©5°C) %)

MEKPO 55%

DMP 45% 1.12 8% or above

vz 2 BE WA ozt B2k Ux AES FE
Azt ANz E2lEe] sl malde] g Rolx
en, 2 M| it & AP (Fig 2).

gule] ¥lFe Alge] BN IS 28] SN
on, B oF 2.860)Uck KS F 25029 A7ke A
el wiet gt guje) =R Ax, ddFtel
ol AE Gilt) ©I3F (<50 pm)] 27 Y=L A
2] ¢k 630 vol.%ell st thi-2 2 (sand) oM
(>50 pm)®] 718 B FU} (Table 1).

MBS % MSAH
MEME

AFAN B¥3) Zalo e TR JEA A
HJ3] 7HAe] ¢ 12~132 AEY Mk oz}, &
2 - gEd B4R rs] diEe] EEy F48E
9] AlFol ] 2ro]F girh o] AtelA AMEE &
X3} Z2]o)2E A (unsaturated polyester resin;
UPR)= 24EH (ortho type)28x] RS Table 2
of

Nty oz Exs FeelxH A7) Askstr]
e FXAG XA ArE]lojel shd, o] d
oA AMSE Exs) EjolaE Aol FEN A
2k o, oln] AgA|e EXA7E A7t ern=w
WA H7HAIFIE s "o & dr) o]

Table 2. Characteristics of unsaturated polyester resin.

Specific Viscosity Styrene

gravity (20°C)(20°C, mpa - s) Acid value content (%)

1.12+0.02 412 24 38

Table 5. Specifications of heavy calcium carbonates used
in this study.

Average Specific . Water

grain size gravity Absg;p;txon content pH
(um) 20°C) ’ (%)
13 2.75 0.1 < 03 8.8

Al A3 AIA ] B4 Table 39 2.

F8 FAZ JFIIAM AT B9 ARSI
on, & FAA diEiME D JGelM AEEE
WRALE (Table )5 FEFAZ EF3R o831t &
T FAAE FU KA Axs 53 Sxkds
(heavy calcium carbonate; CaCOs) (Table 5) A4t
oflxl HH71E2 Wlshs HESERE ARSI F
A @ 2L 105+£5°Co)A] 2447F AZRAZ] T
7pste] o)8-&kdct.

HEAH
Highd @3

Uutdos Eu 2aet APA SR ¢
o F7kgel wet FEst TSR, $A9) ol B
ok A5 AR ¥e) X 5% Fol A Bk oh
o Eeht 4Y T34 gAYl BXF wed
3, B9AAT vlgol Z7tnE AN HHge
AR AaiE oleie e 388 Teislelol
Bk, EE FAAE AU AT A At &
M3 el hibAm A5} Fol 4E7E 2 Y
ek Asse BARE opIdTh @74 5, 1994
A4 5, 1999).

Farzio] Axgo] e Br)& FAZ s Ze

Table 4. True specific gravity and grain size distribution of granite soils and stone powder sludges.

Grain size distribution (vol.%)

Sample No. True $.G.* -
Clay (<2 pm) Silt 2~50 um) Sand (>50 um)
Granite soils (GS) 2.59 5.9 299 64.2
Stone powder sludges (SPS) 2,61 133 59.3 274

*specific gravity
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o 25EkS gl Yeide 9 AAHE a8
o agAlo] FIFEE (BF F5AIS7E 107 emfsec
ojal) E2jvig} Fujo] HAE WS A& A
o] $-M=lojol & Hojt), o] HIrE FFAHE
FANAE Asid A o AN FFAH
& F3) 7139 2= wighlE =223 o)Rdke A
o] ehitFoltt e o8] W] AFPFAH T4
e 3 HESHAY vlg 29 Apato g Ay
g E =33) SeiMe 22 Ak Anst
AQEEF o] dFdME B 7iA w2 AR
FTAAE oz B5E5 o FE VAL 7R
WA vmA Age] 71adt S WA 2T F
Egme} FAlokel A uduE MAsl] FpAd
o o]g-3}%e}.

ARFAte] Frojo| AFAQ] EX3} ZeloaE F
A (UPRE o 8~20 wto7kd wigsted FAAE
AFT F FFLS 2T A, X9 go) < 8

Table 6. Absorption for polymer concrete specimens with
various mixing proportions of polymer and Imcheon
tailings.

Mixing Proportions

Speci-  Resin .. . Ab.sorp- R Kk

men No. (UPR*) I(“'ul'tliitgr Tailings 121‘21‘)1 €marks
(Wt.%) p ) (wt.%)

cA 8 8 92 pdwex Collapsed

during test
IC-B 10 10 90 10.03
IC-C 12 12 88 3.20
IC-D 14 14 86 2.05
IC-E 16 16 84 1.14
IC-F 20 20 80 0.48
*UPR : unsaturated polyester resin
**phr : parts per hundred parts of resin
***n d. : not determined

L] 10 12 14 18 18 20 2 24
Resin content(wt. %)

Fig. 3. Variation of absorption for the polymer concrete
specimens with resin contents.

R - S - 3B

wtL%oIAE A= AE FHF FAAT B E )
F7E& 5740) Brssigen, A9 o] F715t]
we} 580 §43] HAadhs AEE & et
(Table 6; Fig. 3). ©19} 22 X9 d3l w F
AAe F4go WIlE v o, TAAY Fre
o] 1 oslojn] ARIg WEE-S Holx oF 20 wt.%
Axel 4% (UPR) gHo= uigelg 24 3k= Aol
g E Aoz wdHE,

olgst Aoz A wiFulR ou] FAAE
Y, A & S/ FAAE F2 F Lot
t H3E Sotez #AsT, HIE FHAANEEY
o] pH &AW ma} FAIA FA9 2.5u90 &5
e EF, 308 ol wNbE SH4 pHE =
At 2 A3 FulE AF SAAE SR
ALAZ F, o A7) AAH7 | Aol A Ats)
EE guEe e AHEe] 4717 AlFslIEe
o, FAA e} v FFFe pHE 3.0 ojgke) &
< e YEATh o9t TE o] Foll HA
HehlE R 3 XA g8 B4 F oy st
A 8¢ 71908 4 glon), dukyow Eiy =
A ES} Wslade] pdtuhe Hal Jdg4ate] F
u7p vind ZPARE FAHS ke H 52 7
Qre wl, FAIA wige] F XA §Fo= A
A3tge] ofstz Hwie] Ui AFEo] £EFHIUL0]
ZFH o2 HwE,

wetA Sl KARIA AR Fd gdzs
(CaCOy)t 4] Hm7jEel H2Eex] 2 4%
Atel gulEn} vl zRe QR DRG] rRIES
L3l A FAA sl Bdg agos 3
FE 72 pH HeE ARSI (Table 7). 23
S UMt Afols dAR FA9 JAFo] A9
ez gotar, 53] A2 eSkdes AvRlg
Aol Wad F49 7hrke pHE HAFEAT
(Table 7).

19} 722 gudFe 295 B 89 4%
¥ A4dE9 = ¢ pH 52 ¥#sle, &4 2 F
AxF Sakdee] W8 27 20 wt.%d 10 wt%=
IR, H7EY AYE SHNA Aol MHVE
J AEsEAY 8 dsel H|laE Pol X3l
FHoM 4A TFE & e "RIE 5 42
olgsl: WiFHIE MASE FAAE A AT
(Table 8). =& FTAAF A=A 2P e A
e 2§48, pH 52 T3, o wigh] &
g2 de FHige Mz A4S vwE EHog
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Table 7. Measured pH's of solutions after immersion of polymer concrete specimens with various mixing proportions of

Imcheon tailings and fillers in distilled water.

Mixing Proportions

Sp?\?:len UPR* (wt.%) Initiator Tailings Fillers (wt.%) pH
(phr**) (Wt.%) CaCOz  SPS***  GS*»*x
ICS-01 68 - 12 - 2.7
1CS-02 56 - 24 - 2.9
1CS-03 68 12 - - 5.1
1CS-04 56 24 - - 6.7
ICS-05 20 20 40 - 40 - 3.2
ICS-06 30 - 50 - 3.6
ICS-07 20 - 60 - 3.8
ICS-08 50 10 - 20 6.0
ICS-09 40 10 - 30 6.8

*UPR. : unsaturated polyester resin
**phr : parts per hundred parts of resin
***SPS : stone powder sludges
**¥*%GS : granite soils

Table 8. Absorption of polymer concretes and pH's of solutions after immersion of polymer concrete specimens with various
mixing proportions of Imcheon tailings and fillers in distilled water.

Mixing Proportions

Specimen

Absorption

Initiator Tailings Fillers (wt.%) pH
No.  UPR* (wt.%) (phr*) (wt‘%;g) o, o Gere (%)

ICM-01 70 10 - - 0.84 5.5
ICM-02 50 10 20 - 0.20 5.8
ICM-03 40 10 30 0.16 6.4
ICM-04 20 20 30 10 40 - 0.29 6.6
ICM-05 50 10 - 20 0.12 6.4
ICM-06 40 10 - 30 0.21 6.6
ICM-07 30 10 - 40 0.37 6.7

*UPR : unsaturated polyester resin
**phr : parts per hundred parts of resin
*+%SPS : stone powder sludges
****GS : granite soils

3% (ICM-01, ICM-03, ICM-06)°] ¥igHHlE A5}
e 243 8% 9 FRAIEE AU AISE TE
ol Agach.

Yz W AHTE M

o] A7 T UL ANFEE FAAM= KS F
2419 Eo2HZE X TAYEY H= AlHE T
Al Az )l 23] Table 99 wiEB]o) wa} A
SRS IS 05% 3R 8 o grge d
7He] 8710A A LR AAAE F7tstal st
Al EFE F, gMel F2 dxke] SAFE v F3

Ae FME B2 T8I EF3] 4x4X16 cme] F
AA AZ72 ZbzE Y A =S

KS F 2482 (Fg]oll&E 3 E3E] 7% A
ARl wet 99 AT RS S04
2 AM3IE A9 723 kg/em?, HEEEHA Y wAlE
Z H7rste e A$ole 27 2014 kgem?, 1934
kg/em®’Z, HESHAG SIES H71EE AL} et
Zhgrhe AR AMSSIEE AR oF 250 ol
Bz 2718 B FUct (Table 10).

U575 KS F 2483 (o] HHd oJgt Za9
2H #3 ZABNES USFA= Aol wet g
AE 23 3, 5 Ao s 2A3% (Table 11).
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Table 9. Mixing proportions of polymer concrete specimens
for measurement of strengths and permeabilty.

A - AR

Table 11. Compressive strength of some polymer concrete
specimens.

Specimen UPR* Initiator Tailing Filler (wt.%)

Specimen No. Compressive strength (kg/cm®)

No. (wt.%) (phr**) (wt.%) CaCO, SPS*#* Gk

ICM-01 20 20 70 10 - -
ICM-03 20 20 40 10 30 -
ICM-06 20 20 40 10 - 30
*UPR : unsaturated polyester resin
**phr : parts per hundred parts of resin
*+*4SPS : stone powder sludges
***¥*GS : granite soils

Table 10. Flexural strength of some polymer concrete
specimens.

Specimen No. Flexural strength (kg/cm?)

72.3
ICM-01 n.d. 72.3Y
n.d.
226.8 201.4Y
ICM-03 169.5 29.2)?
208.0 (145
166.5 193.4Y
ICM-06 215.8 (25.0)?
197.9 [12.97°
D mean
2 8.D.: standard deviation

Y C.V. (%) : coefficient of variation [S.D./mean X 100]
n.d. :not determined

YEPEE BRMFTS 2AAZ AMEEES A
254.8 kg/em?, ME-&eiA|9 vRIES ERAUS B9l
E 77t 7495 kglem?, 744.2 kg2 SANLERE
FAAZ ABRE BFET o 3 dFYE FF
< YERIT (Table 11).

E8MH

Ao SENRRL

—7}\°L T= 1

g #7)

269.7 254.87
ICM-01 227.6 23.6)?
267.1 9.261%
650.3 749.50
ICM-03 708.9 (124.6)?
889.3 [16.6]®
668.7 744.2Y
ICM-06 760.5 68.7)%
803.3 [9.231?
B mean
2 8S.D. : standard deviation

D C.VA%) : coefficient of variation {S.D./mean < 100]

7189 ol F7EA2 2 WS A3
7] Ak Aol gt EE2AEE ot B &
T g ZAAE -10 mesh 2 mmelshHE
5‘]]":71' t}2 Fe, Al, Mn, As, Cu, Pb, Cd, CN 3¢
RS A E SEAE W @Y, 1998 o
2k 2431t} (Table 12). 49 945 Cdvre] &
vlel ZgoE Eleld THE FAANA HPE B
]@-FP—‘M] ANE FAEF T 7]*%&'-‘4 oF7k
E‘l & 3 H&‘iouﬁ 2] SRS hAE 2
]—r*%liﬁ} 2 & VERNRITE (Table 12), B3t o
RRol e e Fu) A MR}t E2WE EF
g FAACA 1 FHepo] kot d2jAos Cd
Bujrcy FAIRNA 2 Ei= oF o] B2 3
He] Fed, ol £&AIEE ABARA FANE
-10 mesh 2 mme|FHE EH st FHFo FA
(UPR®} B33 ZsIAW 37 vitE 4 A
2&ua 5ol dAERE ol#st 94t o Bol &

2ER) dEoR AzEE, o)dd Re En 3

Fato] BEAE7E 1X107 cmysec Bk RE A9l
= 2 2371 9 Aoz wughgrn)

B gjsie] #H71E el A e 544 ol¢} Zre #HYIE BEAIY Al ofshd, dH%
Table 12. Results of extraction test for tailings and some polymer concrete specimens (units in mg//).
Tailings and As Cd Pb Cu Fe Al Mn CN
Specimen No. 15? 0.39 3.0 3.0 - - - 1.0?
Tailings” 0 0.2 24.3 1 n.d. n.d. n.d. 0.1
ICM-01 0 0.4 2.1 0.4 0.5 0 2.8 0.06
ICM-03 0 0.2 0.8 0.2 0.4 0 54 0.06
ICM-06 0 0.3 1.3 0.2 0.3 0 14.7 0.08
D'Min et al., 1998

2 standard values for enforcement regulation in the law of waste disposal management n.d.: not determined
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Fig. 4. Apparatus for permeability measurement.

2b Fule] Ag- AL E TR AR F2H
FAA ICM-03)7} o2 HiEi e FAHERD H
A §Z5o Yor fadi] ol ¥ AYgs
Boled (Table 12), o= E&v 24ute] A2A] A
H7189 YEERE FZAZ olgshe Fo] AE
o] gmat opel & 2FFH] e oM=
nlge Zlog kgt (Table 10; 11; 12).

TAH

ELAEE A7 254 mm, ol 504 mme] 943
g ZFAAE Yol AAF W] (Table 9)o whe}
zZ}z} 20 AR 3 Fg 49 2o AAZ §=at
LA Lol £

235 Bl SRS B BT
gl Az 3AA ACM-0DRre] AT 24
AR 2 Qe 7127 (1X107 cm/sec o1Ehe] A
&3 B Byon, vyrR eigue] Z2H ¥
AANM e 25 Z1EPET B FRAS 38 JE
Wt (Table 13).

b FAA42 gk urs ALY Fsole 3
A AEQ BUE F o o] ANE § dve A
2 o, AT 9 AEHE XS §E ¢ By
ANg A3 5& I8 o, olg v = P9}

Table 13. Coefficients of permeability for some polymer
concrete specimens.

Specimen No. Hydraulic conductivity (cm/sec)
ICM-01 Z:gg . ig:; 43 X 107]*
1CM-03 ii? " }giﬁ [14 X 10710
ICM-06 ff;; 9 igj (9.0 X 10717

[ ]* mean

FR|ofe] g ARG FPATIA] Fal 2o
24 5AgE dbde, AEE8R] B vRIEE 3
718 7Sl olE7ke] Aol s AgHte
2A FEE G4 e 2o FAUh w3 AA
Ak o] A MBELHRE 38N ARg Za
o FAAZL T2 uigiulel ZAMERD vnA 5
& AeAd 54 JeEhdiol (Table 10; 11; 12
13), H71E Hzle] g3 38 WM AjHr)
B HELEAE 2 xguty AR SRR
oj &&= Aol BiFAT Ao HrrdL)

2 £

3Gt Fel] HRE] s FUE FAR Sl
AaAdo) de FE)H el A rhed S B
gzt sglon, A AAE a0k v Pk

1. JAFe] e F2 A9 R, We
&, Y 508 o|fojx] glor, FH|FL °F 2.86
ol hRE (937 vol%)el RE=7] (50 pum) Wk
2 Y=ETE el

2. YAFate] Bulg AR Zehy FA A o
T F5es 855 AHEY B ¥ pH 58 2
HE o), Z2) 2A5eke AT A, AR EX
3 ZdolA8 £ (UPR) 2 4% 2 Hd4s
Ztzt 20 wt.%, 10 wt.%E sh= wigu|zF 24 g
v g2 Agg,

3. Zg9 #3zE FAN did 873= 2 4=
Fie FAAZ &) rRIESE A7 4%
7} B ETRS AMEIAE AR oF 25 Uix] 3
vje] Zrhs vepich

4, 297 23YE FAAZHEH 82F Fe, Al
Mn, As, Cu, Pb, Cd, CN 59 gge gz #7)
B ey Adrae] AAE el e 21EeE
o} e 218 VeI, Cd o]9je] ashgrse 4
mEg Zv f£3gE FAA OGN 2EEE Sl
FHAsA T

5. GAFe] Fujo) eibdgnte EFsl Az
g FAATe] ATt =M AR £ e VEH
(1X107 cm/sec °l8hell FH @S BASE eh)
AL, NELHAY RIEE 33 Eeln] FAA9)
My BF 71EgEn 9o BeAsE veldof, 2
Fuko 2xe] g B8 TS Ho F9vh

6. 4 E 33 Egn] FAIE FAA hE 7
=AY, 88 2 BAE d9E v ), gt
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