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ABSTRACT

This study was intended to evaluate the water permeability and structure for calcium bentonite—sand mixtures to utilize
calcium bentonite as a liner. This study conducted physico—chemical properties tests, compaction tests, permeability test
and Scanning Electron Microscopy analysis (SEM) analysis. It was found the higher the ratio of calcium bentonite, the lower
the dry density with coefficient of permeability, and the higher the optimum moisture content. In particular, SEM analysis
was found the higher the ratio of calcium bentonite, the higher the area of the montmorillonite particles. In conclusion,
the optimum coefficient of permeability that finds the landfill liner condition (must be less than 1 X 1077 cm/sec) was obtained
when the ratio of calcium bentonite was 40% or higher. These findings may improve the understanding of the calcium
bentonite as a liner. Calcium bentonite shows a similar permeability to sodium bentonite 7% when mixed at 40% or more.
Therefore, it is considered that calcium bentonite can be utilized as a liner.

2 X
B s 24 MEUES 25Al2 34357 g6 2 MEU| BT E3Ee) BrEx u% Fz22 Brlsoh
= ArelMe 2E BﬂEL}O]EE} Dol T3k 7| EAe) Ba).3leka B4 B4 gAAlE BeAE 1 AxsAsn] g B
(SEM)Z J3soltt. Zg MiEvo|ES] £ n]go] TVl whe} ZHy Wyl E-ve] E9E9) 1z UE, F5AF
stobx| 1 Akl = vﬂakait}. 53], AAFARINE B2 2 AU E Q) nlgo] Fstel| whet 2 EL}OIE
U Zra ol e Wzo] Zvlehe A ERIsgih AEH oR, 24 WEUo| 9 E3H]7} 40% o] ) migA] e

Al Z2(1.0x107emjsee ©]8h & WEBATE B A A A% WEe| 0] ofsg AN S olrk. A%
HLELO 1= 40% ol £ A KR HIEUO]E 799} vl528 4 542 etk mebd 24 HlEte] 2 Al
W 2go] 71sai.

Keywords : Calcium bentonite, Bentonite, Liner, Coefficient of permeability, Structure

E-mail address: leejy@uos.ac.kr (J.-Y. Lee)

LM E 2 {AsEL It Ministry of Environment, 2018). ©]o]]
we} EatR), HEASA, 2w Hel A, B

H71E Ao e LFd=de F55 WA A AEAA & A7 AT Ao FRe
A3 A2 5= 2530 BELATE 1.0x107en/sec ©]35) A] Zo]| o|2r}. o] F A Ae Bl HE A SRS
Received 20 Dec. 2018, Revised 18 Mar. 2019, Accepted 3 May. 2019 ke A WadBwelling)o] w2 2dS 3 &
*Corresponding author ghsto] UhE AR R4 FH o2 S-HELo|EVL g
Tel: +82-2-6490-2864, Fax: +82-2-6490-5459 %E]I’_ %E]— Eb]‘OlE—L:— ‘u_pj_/gq _%_ 7} oo];(»)l% ] 731—{3’1\‘

g HIELIO|E-Z SRt &4 H 71X S40f BE A7

—_



(Calium) 2.2 A A T mvol=, =g
(Soduim) © 2 YA A4S LES HELoER B
FltKSarvaiya et al., 2017). £3], UEF HIEYO|E=
I} & A 9] = 7H20] 150 A O|AIIA] H-3-0] 7}56}
Ak Zh EVo| B4 20A Ak B{shy] gl L

EE MEES ERASYRA 22 HEET G
(Fukushima, 1984).

AR oA = Za HEUOIE AT ==L 9l
on], UES WELo|E P4& ofa] talzne 2al
At oA =3t A HEU|E A4
HES MEER Agtelo] BET 9
(MIFAFF, 2012). ol2jgt ) Aake nejsis)
B ES 25z 2gat7] et Eﬂol 4 s,

oA WEYO|EE SRR BET ATl
1990 X g 22 &8317| <3t At7F A= v Q)
o YEEF WlEUo|EE 3831 ¢ILo|tKLee and Lee,
2001; Bae, 2000; Kim, 2003). T3t 2010\d o|& zh<5 Wl
EUOlEE SRR B8e1] Sfet A7t e
ot oby d BAlg: EAol| SghE|o] At A7)
o]t Park, 2013; Lee, 2010). 121} Zr HEL}
olEe] EFpulol ue B8 S4o) Aolatel, cheket &
alof T ERtE 20| Mapt Fas Halel A4 ¢
¥ F AoE gFHh

B ARoAE 2 HEUO|E E] BE Ty
RoAG: B4 Bk, EE e B4 iS4
WA g olS 91 24 ME ol Ee] BgHE 0

XE

el SRS NSl HATE T
E5ARS ANjEk] 24 MELo|E SFhulo] B2 &
& BAS ekl B3 SR 2 B4 ws
E 57| Yl ARSARE T (Scanning Electron Micro-
scopy analysis, SEM) #-41-8- 235}t o] Ate Zhe
HMEL|ES A A5 5 shtel hEE ME
olES fAsle] ERANLAZ BgslY] 5t |EARR
8% 4 gloele Bekert

2. g oYY
2.1 4% A=
aHellAE Ze MEUCIE dX2 F2 SA-35-2

2 SEEXHRMARSEE=RE AM18E HMl2E

Pl S—

Fig. 1. S mine calcium bentonite
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Fig. 2. Particle size distribution curve for calcium bentonite
in this study

Table 1. Physical properties of S mine calcium bentonite and
sodium bentonite

in
Component S rleit;r?‘tzum Sodium bentonite
wt %
SiO, 52.50 60.60
Al,Os 18.40 17.70
Fe:0s 18.30 2.89
Ca0 2.44 264
Na,O 2.35 4,46
etc, 6.01 10.96
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Table 2. Components of S mine calcium bentonite and sodium bentonite by X—ray fluorescence (XRF)

Component S mine calcium bentonite Sodium bentonite
Specific gravity, Gs 2.53 2.86
Optimum Moisture Content (OMC), % 40,90 37.00
Dry density, (g/cm’) 125 138
Surface area, (m*/g) 6775 29.92
Swell index, (ml/2g) 270 28.00

Fig. 3. Sand
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Fig. 4. Particle size distribution curve for sand in this study
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Table 3. Components of sand by XRF

Components SiO, AlO3 Fe.03 efe,

wt % 5250 18.40 18.30 1.760
Table 4. Physical properties of sand in this study
Component Sand
Specific gravity, Gs 2.61
Optimum Moisture Content (OMC), % 11.23
Dry density, (g/cm®) 182
Surface area, (m?/g) 0.16
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Aysar H.S., 2016; Yildiz et al., 1999).
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Table 5. Type of mixing ratio of sand and calcium bentonite
for this study

Mixing ratio (w/w %)

Sand Calcium bentonite
90 10
80 20
70 30
60 40
50 50
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Table 7. Compaction characteristics of sand—calcium bentonite mixtures
Mixing ratio (w/w %) Optimum Moisture Content (%) ‘ Dry density (g/cm®)
) ) Calcium bentonite Swelling Index
Sand Calcium bentonite
2.7 ml/2g
100 - 11,23 1.82
90 10 15,16 1.79
80 20 18,31 175
70 30 19.23 1.68
60 40 20.25 1.61
50 50 21.25 1.56
- 100 40,93 1.25
Table 8. Compaction characteristics of sand—sodium bentonite mixtures
. ) Reference
Mixing ratio (w/w %)
Bae, 2000 Lee, 2006 Lee and Lee, 2001
Optimum Dry Optimum Dry Optimum Dry Optimum Dry Optimum Dry
) Moisture density Moisture density Moisture density Moisture density Moisture density
Sand Sodium | sontent (%) (g/cm®) | Content (%)| (g/cm®) |Content (%)| (g/cm®) |Content (%)| (g/cm®) |Content (%)| (g/cm®)
or soil bentonite . - .
Sodium bentonite Swelling Index
21.3 ml/2g 24 mi/2g 10 ml/2g 20 ml/2g 30 ml/2g
97 3 - - - - 13.60 1.89 14.20 1.89 14.30 1.88
95 5 18.01 1.67 14.87 1.72 13.90 1.88 14.80 1.87 15.10 1.86
83 7 - - — — 14,20 1.87 15,30 1.85 16,00 1.84
o1 9 - - - - 14,50 1.86 16.00 1.84 16.80 1.81
90 10 18.97 1.61 16.27 1.69 - - - - - -
85 15 19.35 1.59 16.87 172 - - - - - -
80 20 20.72 1.57 - - - - - - - -
75 25 2171 1.48 - - — — — — — _
& HELO|E-Zef SgiRteme &4 & 72 EHof &8t A7 5



Table 7 1, Z< WEWO|E uljghs] F7to] whaba
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Table 9. Permeability characteristics of sand—calcium bentonite

mixtures
Mixing ratio (w/w %) Coefficient of permeability

Sand Calcium bentonite (cm/sec)

100 - 290 X 107
90 10 330 X 10
80 20 8.45 X 107°
70 30 152 x 10”7
60 40 954 X 107
50 50 826 X 107

Table 10. Permeability characteristics of sand—sodium bentonite

mixtures
Mixing ratio
Ww %) Reference
Lee, 2006‘ Lee and Lee, 2001
Sand Sodium Sodium bentonite Swelling Index

or

i | Penonite| 24 mi/2g [ 10 mif2g | 20 mif2g | 30 mis2g

Coefficient of permeability (cm/sec)

97 3 - 6.05X107(532X107"| 4.48x10""
95 5 379X10°|293 %107 | 211 X107 | 1.69%107
83 7 - 1.07 107|920 x10°®%| 6.85x10°®
ot 9 - 722x107%(625x107°| 476 x107°
90 10 2621077 - - -
85 15 |550%x10°8 - - -
80 20 |374%10° - - -
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ETC 10. KIST

(c) Sand 80 % + Calcium bentonite 20 %

(e) Sand 60 % + Calcium bentonite 40 % (f) Sand 50 % + Calcium bentonite 50 %
% M : Calcium montmorillonite

Fig. 8. Structural characteristics of sand—calcium bentonite mixtures by mixing ratio

0 ) QN

(a) Tsukinuno sodium bentonite (b) Tomioka bentonite

Fig. 9. Structural characteristics of sodium bentonite (Koh et al., 2002)
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