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Addition of Polymeric Materials to Binders for
Solidification of Heavy Metal Contaminated Mine Tailings

4 B & g 8 o ® #H Mool g’ o & M7

Kim, Tae-Poong Min, Kyoung-Won Lee, Hyun—-Cheol Seo, Eui-Young Lee, Won-Sup

Abstract

Polymeric materials in addition to Portland cement and hydrated limes were used
to solidify heavy metal contaminated tailings from five abandoned metal mines in
Korea. Mine tailings were mixed separately with Portland cement and hydrated
lime at a concentration of 20-30 wt% and 6-9 wt%, respectively and Ethylene
Vinyl Acetate(EVA) powder was added to each specimen at a ratio of 2.5 and 5.0
wt% to binders. Polymer—-added and polymer—free solidified forms were evaluated
for their appropriateness in accordance with the suggested test methods. Regardless
of addition of polymeric materials, all solidified forms satisfy the uniaxial
compressive strength(UCS) requirements(0.35MPa) for land reclamation and show
remarkably reduced leaching concentrations of heavy metals such as As, Cd, Cu,
Pb and Zn less than the toxicity criteria of Korean standard leaching test(KSLT).
The addition of polymeric materials increased the UCS of solidified forms to
improve a long—term stability of solidified mine tailings.

Js g, nyg, FeoH

Keywords : mine tailing, solidification, polymeric materials
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sled, 104 WX ¥ pH(SCHOTT, handylab
=A7|2 pH & £33t tHTable 1).

Table 1. Results of pH.
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Samples of tailing pH
Songchun 2.21
Samkwang 7.38
Geopung 2.71
Geumjang 5.12
Janggun 5.63

A0 Az, 2010.

=]

A,

Ao o,

1% FE 75m(200mesh) ©] 3}
shafste] XRF(FQstn TE5a8 A
100e, Japan)E ©] &3t 23l &3 e =
< A3 tH(Table 2).

Table 2. Elemental composition of the mine tailing
samples analyzed by XRF.

Samples Component (unit @ wt%)
of tailing  Si0; ALO; Fe03' CaO  SOs
Songchun 15.9 3.10 32.6 0.10 279
Samkwang  80.3  6.50 1.70 280 010
Geopung 575 138 16.8 0.10 3.20
Geumjang 735 9.40 8.40 0.60  1.00
Janggun 27.7 1.70 21.1 9.10 271
23 o|gk etk
EgodggAdyel weh 2mmel  EEA
(10mesh)& 3t FvAlE 10g¥ 0.IN HCI 50
mE  100me g ¥a 4327100

3 1%, AZF 10cm)elA 30CE FAHEA 172
3t & 0.45me] HA 2 o 3te] ICP(HY

ggtn FEHPLdFHE o) &3te As, Cd, Cu,

S ®A s tH(Table 3).

Table 3. Heavy elemental concentration in the mine
tailing samples according to the Korean
standard leaching test of soil (KSLT).

Elements concentration
Samples of

(mg/kg, ppm)
tailing
As Cd Cu Zn Pb
Songchun 2545 249 163 839 574
Samkwang 259 3.50 040 50.4 1.10
Geopung <050 0.10 212 10.8 5.20
Geumjang <050 430 153 2230 1,061
Janggun <050 230 0.20 500 43.7
Warning
6 15 50 300 100
level
Countmeasu B
15 4 125 700 300
re level
HAZ BB A Aol wak Fvjel §17o] 05~

H
Smm7b H =% ste] s FrAlE 100g3 HCI
& o]&3to] pHE 58~630%2 %74
mE 2,000m HztEeElage] Wi A2 Aol
Agse7 w29 o 2003], dFo
AG71E AH&ate] 6213 St < 045
mol A 2 o] 3ate] ICP £42 st th(Table 4).
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Table 4. Heavy elemental concentration in the
mine tailing samples according to the

Korean official leaching procedure
(KOLP).
Elemental concentration
Samples of

. (mg/kg, ppm)
tailing

As Cd Cu Zn Pb

Songchun 387 177 184 92.7 347
Samkwang 2.86 0.12 0.10 0.21 0.15
Geopung 0.12 0.12 24.2 12.8 0.27

Geumjang 0.08 0.49 0.15 255 441
Janggun 0.38 051 N.D. 179 N.D.
Toxicity

criteria of 15 0.3 3 3

KOLP

# N.D. : Not Detected, Detection limit < 1 ppb

agstel] AREE aEpAlE 2439} E—‘é—%i
AREE o] &3l on], 243t AmlES] Eo=

AA
of FAYE Hx TxEoR "P*‘lﬂ“ KA}
EVA powder & #H7}8t3ith 7138 EVA powder
- ZtH(Table 5).

Table 5. Characterization of Ethylene Vinyl
Acetate(EVA) Copolymer.

Size Density
Type Appearance pH
(¢m) (g/ml)

Powder White 90 7 0.5

Ethylene Vinyl Acetate(EVA)  Copolymer
DA1420 & ®ddoz o vtz Hopx by
o d o] & ZH%*J*J HURA, ARE, A
2 2359 vplol e} E3FskAY
2 AE-3to] AaA, EA wkzbA, 2
E A% o8 AEEM PSR
1-6%°]t}t. WA 2 AFdae EYME £F
o gAY Ax T 2 FFE EFARE §
¢l8l:x EVA PowderZ x3tAlel dja) Zz
25wt% 9 Swt% = vl &S EElste] &3ttt

FuE n¥slet= Wy ez KS F 2329(2002)

olN P 411
rﬁ _I-l\lr N

%
&

S o] gstfien, B S agxE we g
o] golstwE FHH 5cmx10cm 2719 HA#Y
Bro 134 vx YowA A¥sdn 4% §

ugst A

2
ad
ol

=3 9 O3 A oA FAAH %L-%L

AA AFFAE o] &3t EH

A FEY FFo] AFE wEd —’F

z SRS AL, BT A 2417 FAB F B
(Aol oE  BS-31)oA 40T=E 72

ok 8191tk (National Lime Association, 2006).
a3hAl el G AF 7Y, 14%, 28U = o]

BEis FAHs= Aol AWty o]z ¥k National

40Coll A 743 FHLA

m
lo
;9 I o
N

- =

oy H1 2
tit o
ot !

SRR IR

s

Lime Association®l 4+

e AL Bow 6}"' Ak olE FALA W
ZHEﬂ 28?4_ "“34 §_ é‘\_ﬂ}% %J ‘)l: MT’]'—’ 7}'

gataL gl7) wi o)t

Ahre 14 ZR54E Agstdon nsiAs

3.1.1 A 5l9f Zalof
@A wgsAeol AgH AgEe W

| Egsel wee Destel AYARE F

4

]

%
=

¢
=

Z71E% dehdle= wigHgoe] FHAajgtn
gy FlE AlgRel whEt
P AS A Frel AHA, BAA o]s
g 4= 9l webA National Lime Association(2006)

= o9y EYY A3E 98 AM3IZ o] &3
o] ngs/etA g v e At 9l

> I
o o offt

it
o wlo

=3

1 Aol AA AgA sl e HgulelH
s A AAE Avk. AVESFI FoaEs Gt
o Fvle e B9 534 549 Aol7b EA
shA Rk v QA= dyrHgow AHHEFoR F
2 F 7] w&Eel Fv A=l National Lime

7ol

Association®] A EH S A 83l AP AA Y
o AlgHel = ASTM D 6276(2006) A1E W<
*V*HH%LH] Al oz At oo, A 3] e}e]

e pHZF 12471 He 20& HAuNFu =
Zﬂ Alsta dvk. wEkd FAE 72 @B A sE
ASTM D 62769 w2} 40HA S A 7HE3ke] 150
(0 Fehg §7)d 25g% Wai, 7}zhe] £7]e] A
M35 5%~9%7A Egd 7t
100med 2ol 1A17F 7+4 3024
WA 6A1ZF B BHE & pHE F43kith

ASTM D 6276 A g2} %

il

[¢]
A3lE Efer EfECAAC pH 54 A (Table
6), 7t Fme HAwFH = FHFE 9w, A
FAv = 8wtd, ATHV= Twt%, T =
Twt%, Fa3n) 6wt% = ZAAsh ZEve 1
stAlol] W3] = L= 7+ 25wt% St Swt%E

Hl& S 2este] 3l

,39,
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Table 6. pH of mixtures of mine taiings and 71w AAEQAL, Im3 T 150kge] AMES A
hydrated limes with various weight ot st Ve wAE ARGlVE e
percentage of added hydrated limes. WoAETA, 2007). weEbd 2 Aol s sk
Samples Added hydrated lime (wt%) o] i} S-S National Lime Association(2006)
of tailing 5 5 7 3 9 oA AAE Wl wel s wiEel A%
Songchun  10.63 1164 1222 1234 1240 AEAE 71 v EPAS 7]1#<l 35kgf/cm2
Samkwang 850 1235 1239 1241 1245 oz 39t 13AEZ EVA Powder £§ 4] &0l
Geopung 1174 12338 1244 1248 1250 ute}l Z+z; 3704 Al #EFe] UTM(Universial Testing
Geumjang 12371239 12.42 1245 1248 Machine)& ©]-83ko] KS F 2405(2005) uet
Janggun 1235 1240 1244 1248 1251 Ay WHow JEYEPEE =A59H(Fig. 1).
Frle] nysAEE Aste AEEH 2M3=
HYEMCS 423 TYH-P325A(Ca0 85%°]%,
3%mesh)& AMgstdod, AR ooy 2y
(Table 7).

Table 7. Elemental composition of the hydrated
limes analyzed by XRF..

Component Result(%)
CaO 95.1
SiOs 1.32
MgO 1.25

3.12 AHES} E2|o
ARES] e A Age) ohd s)E
o Aol A AAHJE Fv] @ AWE EgH] &l
7:3(28 " A, 2006), 3:1(e]R1 3], 2006)S Elste] &
v o AIHE EFHES T ORISR Fvgih] A
WE S 30wt% et 20wt%® ZAA AT A
§¥ AWMES HE& thE3 ZtH(Table 8). £
= nstAlel 8] Weight%H &2 247 25wt%
o} 5wt ® v &S deEdte] &gtk
Table 8. Elemental composition of the cements
analyzed by XRF.

Component Result(%)

CaO 69.8

Si0s 15.3

AlO3 3.47
32 0sA AlY
321 IstA LdFLFZLEAHY

13 e LAEALS =2 724 2AAS Uh

a4 AR ddgown odEde] A4
55 /M7 9bS ZWAE A7 9
Wijolnt weba A FAw o] o] ool 13}A|
of tigk 7#Ee duste] Wk FHAS TaAZ
T en Frdem LS dS & AUk ®
s 133t A3 nsAE dGH e AT
7], BARAAZA L QLS YA E 4 A=
o]’Fo] | ojof sttt HI|EHEH mEH A
o] 2lkgf/cm29] 77t WA F gto Y dA A=

Fig. 1.

%
AR

Measurement of uniaxial

strengths.

compressive

i

Alg A¥ 57 Fv BFelA it
} vl= EPA9] 7]#<] 35kgf/cm2 XHUth
E Yeidid e, s3], 5430,
2E ustAd A EVA powdere &3}
A5-5 d54F4E7 Tokske A

AT E AWME 20wt%, A
AW E 30wt%ol A9 EVA powder &35t
5% 5% 2 FTIIANAFE AdEAFHA=T
o2 FUtskAlE &okth ol JEd A=
Z agkA 39 Hy Ax2 YER Atk
(Table 9, Fig 2).

e
4

s

E gt ol o rlo Ay
o

off ofd o oft oX
Nl o2 ¢S mle U oHE O

o~
e

\__

-

0o

)

ey

Table 9. Resuts of uniaxial compressive strengths

(Unit: kgffom).
EVA Average of UCS strengths
. mixing
Binders ratio Song| Sam | Geo | Geum | Jang
(Wt%) chun | kwang | pung | jang | gun
0 380 | 380 | 3.80 | 350 | 4.40
Hydrated lime 25 390 | 480 | 480 | 4.10 | 4.60
5 450 | 430 | 480 | 470 | 5.40
0 99.3 | 378 122 | 998 | 147
20
25 114 | 454 131 116 | 196
wt%
5 117 | 453 132 | 132 | 223
Cement
0 112 | 634 | 206 | 177 | 201
30
25 119 | 765 | 225 | 196 | 216
wt%
5 125 | 838 | 224 | 201 | 235
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<Tailing+Hydrated lime+EVA powder>

HEVAO% MEVA25% MEVAS%

250.00

200.00

15000

10000

50.00

<Tailings+Cement(20wt%)+EVA powder>

MEVAO¥% MEVA25% MEVAS%

250.00

200.00

15000

10000 17

5000

<Tailings+Cement(30wt%)+EVA powder>
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oAl A As7t A A7
Z+z} 38.7mg/kg,
v 2¥gst Aol &
AEHAY AT,
oA As7F Wt a1
71% olstY] w=

RS

B3t A o] Fol=
HEH A H(Table 10).

Table 10. Results of Korean official leaching procedure
(KOLP) by ICP analysis for tailing samples
compared with toxicity criteria of KOLP.

EVA Element concentrations
Powder (mg/kg, ppm)
Binders Mixing
. Song  Sam Geo Geum Jang
ratio b K .
n wan; un; an, un
(Wt%) chu g pung jang g
Hydrated 0 1.387 0110  N.D. 0.039 0270
. 25 1395 0158  0.024 0.027 0236
lime 5 1025 0082 0010 0013 0214
20 0 1.059 0025 0019 0024 0111
. 25 1465 0.016 0014 0.017  0.090
Cement wi% 5 1409 0025 0016 0.011 0124
20 0 0983 0022 0020 0012 0.056
. 25 1.267 0019 0021 0016 0.057
wi% 5 0828 0.006 0.021 0.014 0.050
Toxicity criteria
1.5

of KOLP

Fig. 2. Results of uniaxial compressive strengths
(Unit: kgffcm?).

=IO~

322 1stA 525Z&EA 9

Bl FakEQE Al A Al 240%9] 9] AsE
o FAHAVNIEZ EHHA Jdow, T AldE
A 240% B 241F0lA o] I FHE A
k. 2y @A A ERE YA d7E
29 Fulel o e DA}
H71E &g WA 18%9 2

1A

=}

* N.D. : Not Detected, Detection limit < 1 ppb

3222 Cd
AHglol el FA,
AH7E =27
0.49mg/kg, 0.51mg/kge
A o]F EF fFIEH
ook A, AFdv = Ao
b A A E e 133t A o]Follk {3
E47F o3ty w2 AEHAHTable 11).
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Table 11. Results of Korean official leaching procedure
(KOLP) by ICP analysis for tailing samples

compared with toxicity criteria of KOLP.

EVA Element concentrations

Powder (mg/kg, ppm)

Binders Mixing
X Song  Sam Geo Geum  Jang
ratio

(wi%) chun  kwang pung jang gun
()

A0 Az, 2010.

2,04 9 9, o 9 A
A& 37 128mg/kg, =431 255mg/kg, Ftd]
179mg/kg® EAE Ao 13t A o] Fol=
TR E HEHA Fokon, 4, AR =
005mg/kg°1 3t w74, Aol 05mg/kg o8
9 FLEE A7E CHL}(’I‘able 13).
Table 13. Results of Korean official leaching procedure
(KOLP) by ICP analysis for tailing samples
compared with toxicity criteria of KOLP.

Hydrated 0 0060 0004 ND. ND. 0012
o 25 | 0061 0007 ND. ND. 0010
lime 5 0059 0002 ND. ND. 0009
20 0 0046 0001 ND. ND. 0004
.| 25 |0064 ND. ND. ND. 0003
W% 5 0061 0001 ND. ND. 0005
%0 0 0043 ND. 0001 ND. 0001
o 25 0055 ND. ND. ND. 0001
W% 5 ] 003 ND. ND. ND. 0002

Cement

Toxicity criteria
of KOLP
* N.D. : Not Detected, Detection limit < 1 ppb

0.3

3223 Cu
Aeloldel FH, AFdvelA Curt A7

E fIAEdVIEs 298t 77 184mg/kg,

242mg/kgo 2 HAHEA oY n¥s Ay o]F K

T AAEAVIE o] wEE AEFHJUT 4,

w2, At e Aol FvleA Curt %711

EAENor 133t A olFoe fFaEHE

olgte] wEE HEHATHTable 12).

Table 12. Results of Korean official leaching procedure
(KOLP) by ICP analysis for tailing samples
compared with toxicity criteria of KOLP.

EVA Element concentrations

Powder (mg/kg, ppm)

Binders Mixing
X Song  Sam Geo Geum Jang
ratio

(wt%)
0 0.205  N.D. 0107 0103 N.D.

. 25 10208 ND. 0149 0088 N.D.
lime 5 0165 ND. 0128 0086 N.D.

chun kwang pung jang gun

Hydrated

20 0 0400 N.D. 0151 0118 N.D.

EVA Element concentrations
Powder (mg/kg, ppm)

Binders Mixing
Song  Sam Geo Geum Jang

ratio , « .
(Wi%) chun kwang pung jang  gun
Hydrated 0 ND. 0020 0007 0449 0.154

. 25 | ND. 0038 0013 0242 0482
lime 5 ND. 0024 0011 0338 0.324
20 0 ND. 0015 0005 0026 0015
s 25 | ND. 0009 0003 0035 0021

°l 5 ND. 0004 0005 0045 0.008
%0 0 ND. 0007 0017 0028 0.029
| 25 | ND. 0007 0040 0041 0019
w5 ND. 0005 0018 0033 0.020

Cement

Toxicity criteria
of KOLP
* N.D. : Not Detected, Detection limit < 1 ppb

3225 Pb
Aol el FH, F43nA Pb7t A7

E faEdVIEs 2ste] 77 347mg/kg,

441mg/kg o2 FAEA oY n¥s A o]F K

T RAEAVE olFtY ver AEHUT 4,

AZ, Fadv = XMOVJ«] gl el A Pb7t %711

EAERQem ngs Ay o]FeE FINEAVFE

olgte] wEE HEHATHTable 14).

Table 14. Results of Korean official leaching procedure
(KOLP) by ICP analysis for tailing samples
compared with toxicity criteria of KOLP.

EVA Element concentrations

Powder (mg/kg, ppm)

Binders Mixing
Song  Sam Geo Geum  Jang

Cement

25 | 0249 ND. 0132 0059 N.D. o | kwang  pung jang  eun

W% 5 0479 0004 0168 0.032 N.D. (wt%) ¢ e wmew
%0 0 0587 ND. 0057 0027 ND. Hydrated 0 0028 0042 0034 0736 0636
| 25 0699 ND. 0085 0013 ND. ° 25 10027 0061 0023 0436 0313
W% g 0613 N.D. 0113 0043 N.D. lime 5 0104 0045 0035 0578 0539

Toxicity criteria
of KOLP

3

* N.D. : Not Detected, Detection limit < 1 ppb

3224 Zn

Znel A= A ARHYE fFaAlEd 7ol
A E o] QA ek el A ol el
A Z4zy FRE 92.7me/kg, A3 0.21mg/kg,

20 0 0120 0087  0.030 0391 0.131
o 25 0124 0063 0029 0667 0.114
wi% 5 0073 0041 0.030 1122 0.072
20 0 0.337 0062 0.081 0820 0.504
. 25 0405 0055 0.053 0930 0375
wi% 5 0428 0064 0.038 0.855 0414

Cement

Toxicity criteria
of KOLP
* N.D. : Not Detected, Detection limit < 1 ppb

3
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