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A study on the fixation of heavy metals with modified soils in the landfill liner
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ABSTRACT

The authors selected the modified soil method, and then performed the geotechnical and
environmental laboratory test, and evaluated whether the modified soil liner could be accepted
as a barrier layer in landfill.

Unlike the results of the natural soil(CL), those of the hydraulic conductivity test of stabilized
soil met the standard value. According to these results, the optimal mixing ratio of a
mixture(cement @ bentonite : stabilizing agent) was 90:60:1 with mass ratio(kg) for lm* with
soil, and it was possible to use poor quality bentonite, B@ because of a little difference from
results with high quality bentonite, BQO.

The Cation Exchange Capacity(CEC) of the modified soil was increased about 1.5 times
compared with the natural soil; however, the change of CEC with a sort of additives was not
detected. In order to observe the change of the chemical components and crystal structures, the
natural and the modified soils with the sorts of additives were measured by the XRF(X-Ray
Flourescence Spectrometer) and SEM, but there was no significant change.
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The artificial leachate with the heavy meals (Pb*. Cu®, Cd*, Zn* 100mg/L) was passed through
the natural soil and modified soils in columns. In the natural soil, Cd” and Zn” were identified,
simultaneously the pH of outflow was lower, and then came to the breakthrough point. The
removal efficiency of the natural soil was showed in order of following: Pb*=Cu”)Zn*)Cd”. On the
other hand, modified soils were not showed the breakthrough condition like the result of the
natural soil. The modified soil with the lower quality bentonite, B2(column3) was more stable with
respect to chemical attack than that with the higher bentonite. BD(column2) because the change
range of outflow pH in column3 was less than that of outflow pH in column2. In addition, the case
of adding the stabilizing agent(column4) was markedly showed the phenomena.

Key Words : Barrier layer, Bentonite, Cement, Clay, Column. Heavy metal, Hydraulic
Conductivity, Landfill, pH, Modified soil
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Fig. 1. The schematic flow chart of the production
of modified soil
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Table 1. The Geotechnical Basic Properties of Natural Seil(CL)

Particle-Size Analysis
Soil Specific | Liquid Limit | Plastic Limit D D Percent Passing
Group Gravity (%) (%) 10 ® the No.200 Sieve Cu
(mm) (mm)
(%)
CL 2.67 30.5 21.6 0.0035 0.047 72.21 13.43
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Table 2. The Classification of Modified Soil with

Mixing Method
The Mixi The Curi
Soil" Bentonite” ,e ng -e N
Ratio(kg/m?)"™" | Time(day)
60:40:1 7
B®
CL B® 120:40:1 14
90:60:1 28

* Classified by United Classification System
** Swelling Grade (B(D); 10~15cc/2g, B(2); Scc/2g)
*** Cement:Bentonite:Stabilizing Agent

CL
CL CL
CEMEN
CL CEMEN CEMEN B®
B B
@ @ Stabilizer
1 2 3 4

Fig.2. The composition of modified soils with

additives
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Fig. 3. The schematic diagram of the column tester
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Table 3. The Hydraulic Conductivity(Rigid-wall Permeameter) and Compressive Strength with the

Modified Soil in Different Bentonites, Mixing Ratios and Curing Times

) i Mixing Hydraulic Conductivity(cm/sec) Compressive Strength(kg/cr?)
Soil | Bentonite )

Ratio™ 7days 14days 28days 7days 14days 28days

60:40:1 | 8.03 x 10® | 7.38 x 10* | 791 x 10% 10.3 12.3 14.6

B 90:60:1 | 1.24 X 10® | 142 x 10* | 1.29 x 10* 24.2 25.9 28.2

L 120:40:1 | 455 x 10* | 3.95 x 10* | 3.55 x 10°® 36.7 402 45.2
60:40:1 | 931 x 10* | 9.74 x 10° | 9.79 X 10* 11.9 124 14.2

B2~ 90:60:1 | 547 x 10* | 5.10 X 10* | 524 x 10* 24.8 26.7 28.3
120:40:1 | 624 x 10* | 544 X 10° | 597 X 10° 334 38.1 42.9

* Swelling Grade; B{) 10-15cc/2g
** Swelling Grade; B(2) 5cc/2g
*** Cement:Bentonite:Stabilizing Agent, kg/nr
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