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Assessment of the Hydraulic Conductivity of the Furnace Slag Coated with
the Mixture of Bentonite-sepiolite-guargum under Sea Water Condition

Euiseok Cheong' - Sungsu Rhee’ - Heesoo Woo'! + Junboum Park'*

Department of Civil and Environmental Engineering, Seoul National University
*Waste-to-Energy Research Division, National Institute of Environmental Research

ABSTRACT

Bentonite has been generally used as vertical cutoff barrier material and reported to have several problems regarding its
low workability, drying shrinkage cracking by particle cohesion, and ineffective waterproof ability under sea water
condition. In this study, the particle sealant, the furnace slag coated by the mixture of bentonite, sepiolite and guargum,
was developed to compensate these weak points and the hydraulic conductivity of the particle sealant was evaluated.
Drying shrinkage cracking and swelling index was estimated to find the optimal mixing ratio of bentonite, sepiolite and
guargum. The hydraulic conductivity of the particle sealants having different amount of sealant (bentonite-sepiolite-
guargum mixture) coating the furnace slag was estimated using the rigid wall permeameter and flexible wall permeameter.
The results showed that drying shrinkage cracking was not found in the bentonite-sepiolite mixture with 20% sepiolite
contents and the results from free swelling tests for the sealant having 1:0.025, 1:0.05 and 1 : 0.075 of weight ratios of
bentonite-sepiolite mixture and guargum under simulated sea water condition were higher than those for the bentonite-
sepiolite mixture without guargum under tap water condition. These three sealants were coated on the furnace slag with
50% and 60% of sealant in the particle sealant and the hydraulic conductivity was estimated. In the cases of the particle
sealants having 20% sepiolite in the bentonite-sepiolite mixture and 1:0.075 weight ratio of the bentonite-sepiolite
mixture and guargum, the hydraulic conductivity from the rigid wall permeameter was below 1.0 x 107 cm/sec under
simulated sea water condition. The hydraulic conductivity of the particle sealant having 1.0 x 107°~1.0 x 10~ cm/sec by
the rigid wall permeameter was estimated using the flexible wall permeameter and found to be below 1.0 x 107 cm/sec.
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Table 1. Physical properties of bentonite and sepiolite used in
this study

Bentonite  Sepiolite
Specific gravity 2.6 2.5
Liquid limit (%) 393 132
Plastic index (%) 351 47
USCS? CH MH
Percentage passing sieve N0.200 100% 100%
Specific surface area (m%/g) 40~50 80~100
Cation exchange capacity (meq/100g) 90~120 30~50

IUSCS = Unified Soil Classification System
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Table 2. Chemical composition of bentonite, sepiolite, and
furnace slag

(unit: weight %)

=9 A

Bentonite Sepiolite Furnace slag
SiO, 59.37 31.04 15.82
MgO 1.64 10.63 3.35
Al O3 15.73 0.10 6.03
Na,O 2.35 0.09 0.32
K,0O 0.28 0.11 0.13
Fe,05 3.89 0.20 33.67
TiO, 0.53 0.01 0.61
MnO 0.07 0.06 3.38
CaO 3.02 34.54 34.71
P,05 0.00 0.00 1.51
L.O.P 13.02 23.22 0.44
Total 100.00 100.00 100.00
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Fig. 1. Schematic diagram of the particle sealant.
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Fig. 2. Schematic diagram of the rigid wall permeameter.
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Table 3. Cracks of the dried mixtures of bentonite and sepiolite

Sepiolite contents (wt.%) Cracks
0 oY
10 (¢]
20 x®
30 X
40 X
50 X

3 O = Cracks more than 1cm
Y X =Cracks less than 1cm
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Fig. 4. Photos of the mixtures of bentonite and sepiolite by sepiolite content.
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Table 4. The result of free swelling tests

Mixing weight ratio Swelling index

Condition BS Mixture? : Guargum (mL/2 g)

Tap water 1:0 16.9
1:0 6.8
1:0.01 14.2
1:0.0125 153

Sea water 1:0.025 17.0
1:0.05 18.9
1:0.075 20.0
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Table 5. Mixing ratio of the particle sealant

Mixing weight ratio (%)

Mixture Sealant
hame  Qjag : Sealant
Bentonite ~ Sepiolite Guargum
BSG 1 39.02 9.76 1.22
BSG 2 50:50 38.10 9.52 2.38
BSG 3 37.20 9.30 3.50
BSG 4 46.83 11.71 1.46
BSG 5 40 : 60 4572 11.43 2.85
BSG 6 44.64 11.16 4.20
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Table 6. Final hydraulic conductivity of the particle sealant
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Fig. 5. Hydraulic conductivity of the particle sealant containing
50% sealant.
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Fig. 6. Hydraulic conductivity of the particle sealant containing
60% sealant.
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Mixing weight ratio of sealant

Mixture Slag : Sealant

hame BS mixture : Guargum Final hydraulic conductivity (cm/sec)
BSG 1 1:0.025 2.50% 107
BSG 2 50:50 1:0.05 739% 1077
BSG 3 1:0.075 341x107
BSG 4 1:0.025 5.13x 1077
BSG 5 40 : 60 1:0.05 238x 1077
BSG 6 1:0.075 298x 107
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