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ABSTRACT

This paper explores the macroscopic permeability characteristics, pore distribution, mineral 
composition, and microstructure changes in remoulded silty clay under different concentrations and 
different back pressures through flexible-wall triaxial permeability tests, nuclear magnetic resonance 
tests, X-ray diffraction tests, and scanning electron microscope tests. The results of the flexible-wall 
triaxial permeability tests indicate that the hydraulic conductivity of the landfill leachate with different 
concentrations increases to the peak value in 108-132 h period and then decreases to a stable value 
in 252–264 h period under the action of different back pressures. The nuclear magnetic resonance 
tests show that the pore distribution of the remoulded silty clay is macropore after it is corroded by 
the leachate. Increasing the concentration of landfill leachate and reducing the back pressures can 
reduce the overall development effect of pores. The X-ray diffraction tests show that the weakly acidic 
corrosive environment provided by remoulded silty clay and landfill leachate reduce respectively the 
contents of montmorillonite, muscovite, and illite by 33.52 %, 23.57 % and 63.51 %, while kaolinite and 
albite increase by 283.40 % and 188.64 %. Finally, scanning electron microscope tests show that the 
corrosion of landfill leachate and the plugging of organic pollutants in the infiltration process reduce the 
apparent pore ratio of the microstructure of remoulded silty clay and the hydraulic conductivity gradually 
decreases.

INTRODUCTION

Currently, compacted clay is widely used as an impervious 
material for landfills in China. Its permeability is key, and 
it must comply with the requirements of the Chinese code 
which states that the hydraulic conductivity should not be 
greater than 1.0×10-7 cm/s (CJJ176-2012). The leachate 
produced by the landfill site has complex components, high 
dissolved concentrations of heavy metal ions and various 
other ions, and it contains aromatic hydrocarbons and other 
industrial organic compounds (Kjeldsen et al. 2002). When 
leakage occurs, the leachate corrodes the impermeable layer 
at the bottom of the landfill site, changes the microstructure 
of the clay layer at the bottom, destroys the stability of the 
impermeable layer, and can lead to serious pollution of sur-
face water and groundwater.

In recent years, there have been numerous experimental 
explorations and theoretical results on the macroscopic char-
acteristics and microstructure of clay. Some scholars explored 
the changes in the conventional parameters of pollutants and 
the relationship between the mechanical properties and the 

microstructure of compacted clay after the landfill leachate 
eroded, which can help evaluate the applicability of liner 
materials. The possibility of high concentration leachate 
blocking compacted clay was simulated. Combined with 
SEM photos, it is shown that the compacted clay has hydrau-
lic blockage under leachate erosion (Li et al. 2013, Zhao et al. 
2016, Met & Akgün 2015, Zhan et al. 2017, Razakamanant-
soa & Djeran-Maigre 2016, Safari & Valizadeh 2017). 
Researchers have investigated the effects of bentonite, lime, 
zeolite, and other materials as well as ion concentration and 
valence on clay permeability (Dontsova & Norton 2015, 
Roth & Pavan 1991, Zhou et al. 2015, Varank et al. 2011, 
Li et al. 2008). The permeability characteristics of original 
clay, recomposed clay and improved clay are explored, and 
a more suitable calculation expression for consolidation hy-
draulic conductivity of remoulded clay is calculated, which 
has important guiding significance for practical engineering 
(Gu et al. 2003). Although there have been many research 
works on the erosion of compacted clay using the landfill 
leachate, there are few studies on the relationship between 
the mineral composition, pore distribution, microstructure 
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changes, and macroscopic permeability characteristics of the 
remoulded silty clay by landfill leachate corrosion; therefore, 
the correlation needs to be further explored.

To study the relationship between the macro permeability 
and microstructure of remoulded silty clay corroded by land-
fill leachate, this paper analyses the change of hydraulic con-
ductivity curve of remoulded silty clay through flexible-wall 
triaxial permeability tests. Then, through nuclear magnetic 
resonance (NMR) tests, X-ray diffraction (XRD) tests, and 
scanning electron microscope (SEM) tests, pore distribu-
tion, mineral composition, and microstructure changes in 
the remoulded silty clay were respectively studied. Finally, 
the macro permeability characteristics and microstructure 
changes in remoulded silty clay corroded by landfill leachate 
were analysed to illustrate the relationship between them.

MATERIALS AND METHODS

Materials

The buried depth of the soil used for the test is about 2 m, 
which is taken from a construction site in Huangpi District, 
Wuhan, China, and it is utilized for independent sealed 
storage. Its basic physical characteristics are provided in 
Table 1, and its basic chemical and mineral composition are 
listed in Table 2. Fresh landfill leachate used in the test was 

obtained from the Chenjiachong Landfill Site in Xinzhou 
District of Wuhan City, with a concentration of 100 %. Its 
basic physical and chemical characteristics are summarized 
in Table 3. 1 L and 5 L distilled water was added to each litre 
of fresh landfill leachate to prepare 50 % and 16.7 % landfill 
leachate for the tests.

Methods

Flexible-wall triaxial permeability tests: These tests are 
carried out according to the standard ASTM D5084-2010. 
The instrument adopts the PN3230M environmental geotech-
nical flexible wall permeameter (triple type) manufactured 
by GEOEQUIP. It adopts the cell pressure of 350 kPa, and 
back pressures of 100, 200, and 300 kPa. The cylindrical soil 
sample with a diameter of 50 mm and a height of 100 mm 
is corroded by landfill leachate with concentrations of 100 
%, 50 %, and 16.7 %, and the variation rule of the hydraulic 
conductivity of each layer is observed and obtained. Accord-
ing to the standards (ASTM D5084-2010, SL237-1999), the 
hydraulic conductivity is calculated by:
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Where, k is the hydraulic conductivity, cm/s; Q is the 
amount of water seepage in penetration time t, ml; L is the 

Table 1: Basic physical characteristics of remoulded silty clay used in the tests.

Optimum water 
content (%)

Maximum dry density 
(g·cm-3)

Liquid limit (%) Plastic limit (%) Plasticity index Porosity ratio Specific gravity (g·cm-3)

18.5 1.71 34.4 18.8 15.6 0.36 2.65

Table 2: Basic chemical and mineral composition of remoulded silty clay used in the tests.

pH Soluble salt (%) Organic matter (%)
Mineral composition (%)

Quartz Montmorillonite Kaolinite Albite Muscovite Illite

5.5 0.6 1.8 23.41 20.94 4.76 6.69 21.09 23.10

Table 3: Basic chemical characteristics of landfill leachate.

Contaminants Parameter values  (mg·L-1) Determination method Contaminants Parameter values  (mg·L-1) Determination method

pH 6.1 GB/T 6920-86 COD 4107 HJ/T 399-2007

DO 3.7 GB/T 7489-87 TOC 692.5 HJ 501-2009

N-NO3 16.57 HJ/T 346-2007 SO4
2- 5.8 GB/T 13196-91

N-NO2 0.50 HJ/T 197-2005 Cl- 2022.9 GB/T 11896-89

N-NH4+ 2779.9 HJ 666-2013 Na+ 1855.6 GB/T 11903.89

P-PO4 21.2 HJ 669-2013 Zn 276 GB 7472-1987

TP 25.5 HJ 671-2013 Cu 891 HJ 485-2009

BOD5 1457.1 HJ 505-2009 Ni 370 GB 11912-1989
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height of the sample, cm; r is the solution density, g/cm3; A 
is the cross-sectional area of the sample, cm2; and DP is the 
backpressure, kPa.

Nuclear magnetic resonance (NMR) tests: The NMR ap-
paratus model was PQ-001 Mini NMR (Shanghai Niumai 
Electronic Technology Co. Ltd.). The magnetic field strength 
was 0.5±0.08 T and the operational test area was 60 mm × 
60 mm. To generate a stable and uniform magnetic field, the 
temperature of the magnet unit was set to 32 ± 0.01°C, and a 
polytetrafluoroethylene ring cutter that has a diameter of 45 
mm and a height of 20 mm was used for sample preparation. 
First, three layers of cylindrical soil samples were cut from 
the bottom to the top at 0-20 mm, 40-60 mm, and 80-100 
mm, respectively, after the flexible-wall triaxial permeabil-
ity tests. Then, the central soil samples of each layer were 
collected by polytetrafluoroethylene ring cutters for NMR 
tests. Finally, the transverse relaxation time T2 is provided 
by the Carr–Purcell-Meiboom-Gill (CPMG) sequence and 
the pore distribution of the remoulded silty clay is obtained. 

T2 can be expressed by the T2 surface relaxivity r2, S/V 
that is the ratio of the pore surface area S to the pore water 
volume V and pore radius R as:

 

4 

to the standards (ASTM D5084-2010, SL237-1999), the hydraulic conductivity is calculated by: 

                   …(1) 

Where, k is the hydraulic conductivity, cm/s; Q is the amount of water seepage in penetration time t, ml; L is the 

height of the sample, cm; ρ is the solution density, g/cm3; A is the cross-sectional area of the sample, cm2; and ΔP is the 

backpressure, kPa. 

Nuclear magnetic resonance (NMR) tests: The NMR apparatus model was PQ-001 Mini NMR (Shanghai Niumai 

Electronic Technology Co. Ltd.). The magnetic field strength was 0.5±0.08 T and the operational test area was 60 mm × 

60 mm. To generate a stable and uniform magnetic field, the temperature of the magnet unit was set to 32 ± 0.01°C, 

and a polytetrafluoroethylene ring cutter that has a diameter of 45 mm and a height of 20 mm was used for sample 

preparation. First, three layers of cylindrical soil samples were cut from the bottom to the top at 0-20 mm, 40-60 mm, 

and 80-100 mm, respectively, after the flexible-wall triaxial permeability tests. Then, the central soil samples of each 

layer were collected by polytetrafluoroethylene ring cutters for NMR tests. Finally, the transverse relaxation time T2 is 

provided by the Carr–Purcell-Meiboom-Gill (CPMG) sequence and the pore distribution of the remoulded silty clay is 

obtained.  

T2 can be expressed by the T2 surface relaxivity ρ2, S/V that is the ratio of the pore surface area S to the pore water 

volume V and pore radius R as: 

                 …(2) 

Further, Eq. (2) is simplified as:  

                    …(3) 

In the formula, the value of a is a constant, which is 2.25 ms/μm. According to Eq. (3), pore distribution can be set up 

according to the T2 distribution curves (Tian et al. 2013, Li et al. 2008). 

X-ray diffraction (XRD) tests: According to the Chinese code (SY/T 5163-2010), under the condition of 5°C, the lower 

  
  …(2)

Further, Eq. (2) is simplified as: 

 

4 

to the standards (ASTM D5084-2010, SL237-1999), the hydraulic conductivity is calculated by: 

                   …(1) 

Where, k is the hydraulic conductivity, cm/s; Q is the amount of water seepage in penetration time t, ml; L is the 

height of the sample, cm; ρ is the solution density, g/cm3; A is the cross-sectional area of the sample, cm2; and ΔP is the 

backpressure, kPa. 

Nuclear magnetic resonance (NMR) tests: The NMR apparatus model was PQ-001 Mini NMR (Shanghai Niumai 

Electronic Technology Co. Ltd.). The magnetic field strength was 0.5±0.08 T and the operational test area was 60 mm × 

60 mm. To generate a stable and uniform magnetic field, the temperature of the magnet unit was set to 32 ± 0.01°C, 

and a polytetrafluoroethylene ring cutter that has a diameter of 45 mm and a height of 20 mm was used for sample 

preparation. First, three layers of cylindrical soil samples were cut from the bottom to the top at 0-20 mm, 40-60 mm, 

and 80-100 mm, respectively, after the flexible-wall triaxial permeability tests. Then, the central soil samples of each 

layer were collected by polytetrafluoroethylene ring cutters for NMR tests. Finally, the transverse relaxation time T2 is 

provided by the Carr–Purcell-Meiboom-Gill (CPMG) sequence and the pore distribution of the remoulded silty clay is 

obtained.  

T2 can be expressed by the T2 surface relaxivity ρ2, S/V that is the ratio of the pore surface area S to the pore water 

volume V and pore radius R as: 

                 …(2) 

Further, Eq. (2) is simplified as:  

                    …(3) 

In the formula, the value of a is a constant, which is 2.25 ms/μm. According to Eq. (3), pore distribution can be set up 

according to the T2 distribution curves (Tian et al. 2013, Li et al. 2008). 

X-ray diffraction (XRD) tests: According to the Chinese code (SY/T 5163-2010), under the condition of 5°C, the lower 

 …(3)

In the formula, the value of a is a constant, which is 2.25 
ms/μm. According to Eq. (3), pore distribution can be set up 
according to the T2 distribution curves (Tian et al. 2013, Li 
et al. 2008).

X-ray diffraction (XRD) tests: According to the Chinese 
code (SY/T 5163-2010), under the condition of 50°C, the 
lower soil samples (0-20 mm) with various concentrations of 
corrosion are dried to constant quality and then ground into 
powder by mortar. After passing through a 200-mesh sieve, 
the samples are diffracted by an X-ray diffractometer with 
the model of EMPYREAN at a speed of 4°/min (2q) and a 
diffraction angle of 5-85° (2q).

Scanning electron microscopy (SEM) tests: In the tests, 
an SEM model S-3000 N was used. First, the lower soil 
samples (0-20 mm) with various concentrations of corrosion 
are placed at 105°C and dried until the quality is constant 
to prevent the moisture in the soil samples from affecting 
the display of scanning images. Then, the soil with a size 
of about 1 cm × 1 cm × 1 cm is selected and placed in the 
vacuum. Finally, the magnification of the SEM is adjusted 
to 2,000 times. Scanning photographs are taken and images 
analysis is performed.

RESULTS AND DISCUSSION

Permeability characteristics: The hydraulic conductivity 
curves of different concentrations of leachate corrosion 
remoulded silty clay under different back pressures are 
shown in Figs. 1-3, all of which meet the requirements of the 
Chinese code that it should not be more than 1.0 × 10-7 cm/s 
(CJJ176-2012). With different landfill leachate concentra-
tions and different back pressures, the hydraulic conductivity 
curve shows the phenomenon of first increasing to the peak 
value and then decreasing to a stable value with time. For 
the same concentration of the leachate, the larger the back 
pressure at the same time, the greater is the hydraulic con-
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Fig. 1: Hydraulic conductivity curves of 100% landfill leachate corrode remoulded silty clay under different back 
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Fig. 3: Hydraulic conductivity curves of 16.7% landfill leachate corrode remoulded silty clay under different back 
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ductivity. The leachate concentration is different; however, 
the time for the hydraulic conductivity to reach the peak 
value is between 108 and 132 h, and the time for reaching 
the stable value is between 252 and 264 h. With the same 
back pressure at different concentrations, the more dilute 
the concentration, the longer is the increase in the time of 
hydraulic conductivity and shorter is the time to reach the 
stable value; the peak value and stable value are also higher.

When the concentration is 100 %, 50 % and 16.7 %, the 
peak value and stable value of hydraulic conductivity are 
respectively in the range of 19.54-20.42 × 10−9 cm/s and 
0.78-3.67 × 10−9 cm/s under the action of 100 kPa back 
pressure; under the action of 200 kPa back pressure, the peak 
value and stable value of hydraulic conductivity are in the 
range of 25.36-30.07 × 10−9 cm/s and 1.47-8.11 × 10−9 cm/s, 
respectively; under 300 kPa back pressure, the peak value and 
stable value of hydraulic conductivity is respectively in the 
range of 27.14-32.29 × 10−9 cm/s and 2.29-11.29 × 10−9 cm/s.

The hydraulic conductivity curves show an upward trend 
at first, which may be explained by the fact that the sample 
is not completely saturated when the vacuum saturation 
procedure is adopted, and the hydraulic conductivity is 
related to the saturation. When the test is started, the bubble 
and the soil particles move relatively slowly, and the liquid 
flows around the soil particles through the bubble (Liang 
& Liu 2012). Therefore, when the soil column is initially 
pressurized, the leachate can quickly pass through the soil 
sample, and the hydraulic conductivity curves show an up-
ward tendency. After 100 h, there is almost no air in the soil 
column, and it is almost completely saturated. The applied 
cell pressure consolidates the soil column. Simultaneously, 
the effective pores of the soil column are gradually reduced 

by the leachate. Anaerobic microorganisms metabolize inside 
the soil sample to form biofilms and inorganic precipitates. 
Thus, this increases the permeability difficulty and decreases 
the hydraulic conductivity curve (Zhang et al. 2012).

Pore distribution: The pore distribution of the remoulded 
silty clay can be obtained according to the T2 distribution 
curve of the saturated soil samples. As showing in Figs. 
4-6, under the different back pressures, the pore distribution 
curves of each layer of remoulded silty clay after being cor-
roded by the leachate of different concentrations have two 
peaks, according to International Union of Pure and Applied 
Chemistry (IUPAC) standard, which are mainly distributed in 
the range of 0.01-1.03 μm (peak 1) and 14.55-89.30 μm (peak 
2). This indicates that the pore distribution characteristics of 
each layer of remoulded silty clay are macropores. Under the 
100 kPa back pressure, the total pore volume distribution of 
remoulded silty clay corroded by 100 % leachate is 24.48 
% less than that of 50 % leachate corrosion, and the total 
pore volume distribution of 50 % leachate and 100 kPa back 
pressure is 34.65 % less than that of 16.7 % leachate and 300 
kPa back pressure. This shows that increasing the landfill 
leachate concentration and reducing back pressure can reduce 
the overall pore volume distribution and the development 
effect of the overall pore structure.

Under the same back pressure, the pore volume of the 
bound water corresponding to peak 1 increases gradually and 
the pore volume of the free water corresponding to peak 2 
decreases gradually in the remoulded silty clay layer from 
the bottom to the top with the same concentration. Under 100 
kPa back pressure, when the landfill leachate concentration is 
100 % and 50 %, the pore volume distribution of the bound 
water in the remoulded silty clay from the bottom to the top 
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Fig. 4: Pore distribution curve of remoulded silty clay corroded by 100% landfill leachate under 100 kPa back pressure. 
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Fig. 5: Pore distribution curve of remoulded silty clay corroded by 50% landfill leachate under 100 kPa back pressure. 
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Fig. 6: Pore distribution curve of remoulded silty clay corroded by 16.7% landfill leachate under 300 kPa back pressure. 
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increases by 220.92 % and 107.60 %, respectively, and the 
pore volume distribution of the free water decreases by 68.90 
% and 71.46 %, respectively. 

When the landfill leachate concentration is 16.7 %, the 
pore volume distribution of bound water increases by 85.00 
% and that of free water decreases by 80.21 % under 300 
kPa back pressure. Therefore, the volume distribution of 
bound water pores in the lower soil sample is less than 
that in the upper layer, and the volume distribution of free 
water pores is more than that in the upper layer. This is due 
to the infiltration process of the landfill leachate from the 
bottom to the top. On the one hand, the lower soil sample 
first passes through the landfill leachate, and the corrosion 
effect of internal pores in the lower layer is more serious 
than that in the upper layer, resulting in more free water 
pores in the lower layer than that in the upper layer. On 
the other hand, the activities of organic pollutants and 
anaerobic microorganisms in landfill leachate will first 
block the bound water pores in the lower layer, resulting 
in a decrease in the bound water pores in the lower layer, 
which also explains the phenomenon that the hydraulic 
conductivity curve increases first and then decreases from 
the microscopic pore distribution.

Mineral composition and microstructure: To explore 
the difference in the mineral composition and micro-
structure of remoulded silty clay after being corroded by 
the leachate of different concentrations, the NMR test 
results show that the pore changes in the lower layer of 
the remoulded silty clay are the most obvious under the 
corrosion of landfill leachate. Therefore, it is considered 
to select a representative lower layer remoulded silty clay 
for XRD and SEM tests, and the XRD curves obtained 

are shown in Fig. 7; the mineral composition changes are 
illustrated in Fig. 8; and the SEM scanning images of 2000 
times are shown in Fig. 9.

The main mineral composition of the lower remoulded 
silty clay corroded by the leachate of different concentra-
tions is similar, which comprises quartz, montmorillonite, 
kaolinite, albite, muscovite and illite. Before and after the 
leachate of different concentrations was corroded, the content 
of quartz did not change, which accounts for 23.41-23.97 %. 
When the leachate concentration is 100 %, the content of 
each mineral component decreases or increases most obvi-
ously. The contents of montmorillonite, muscovite, and illite 
decrease by 33.52 %, 23.57 %, and 63.51 %, respectively, 
while those of kaolinite and albite increase by 283.40 % 
and 188.64 %, respectively. This is because the soil sample 
comes from the near-surface soil, and the montmorillonite 
is formed in an alkaline environment, with strong adsorption 
capacity and cation exchange capacity. When the pH value 
of the remoulded silty clay is 5.5 and the pH value of landfill 
leachate is 6.1, the permeability test is in a weak acidic en-
vironment, the montmorillonite content is reduced, and illite 
also releases K+ ions into the solution resulting in a decrease 
in content (Tucker 1964); aluminosilicate gradually converts 
into kaolinite in an acidic environment. The K+ migration 
generated by the dissolution of aluminosilicates such as 
feldspar is faster than that generated by dissolution, and it 
cannot reach the K+ concentration value required to generate 
illite. The acidic solution provided by flexible-wall triaxial 
permeability tests is more favourable for the dissolution of 
associated kaolinite by aluminosilicates, and kaolinite has a 
relatively weak adhesion. The migration will occur during 
the infiltration process to block the channels connected be-
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Fig. 4: Pore distribution curve of remoulded silty clay corroded by 100% landfill leachate under 100 kPa back pressure. 
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0.01 0.1 1 10 100 1000
0

100

200

300

400

500

D
is

tri
bu

tio
n 

Fu
nc

tio
n 

f (
R

)

Pore Radius (μm)

 80-100mm
 40-60mm
 0-20mm

 

Fig. 6: Pore distribution curve of remoulded silty clay corroded by 16.7% landfill leachate under 300 kPa back pressure. 
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tween pores, which will lead to a decrease in the hydraulic 
conductivity (Jin et al. 2018).

Lower remoulded silty clay originally had irregular 
lamellar structure after being corroded by the landfill leachate 
of different concentrations. It showed irregular honeycomb 
and structural aggregates. According to XRD and SEM test 
results, the formation of aggregates in the SEM images is 
a product of the cementation of organic pollutants in the 
landfill leachate and soil particles, in the form of edge-to-
face combination. With an increase in the infiltration time, 
the macropores in remoulded silty clay gradually change 
into micropores and the apparent void ratio gradually de-
creases, which can well explain the phenomenon that the 
hydraulic conductivity curve shows a gradual decreasing 
trend. The higher the concentration of landfill leachate, the 

more intense is the corrosion of the remoulded silty clay. The 
phenomenon of cementation and agglomeration is obvious. 
The soil particles aggregate tightly, and the number of loose 
micro-particles reduces. The irregular honeycomb is obvious 
in SEM images, and the hydraulic conductivity decreases.

CONCLUSIONS

To study the permeability characteristics and microstructure 
changes of remoulded silty clay caused by landfill leachate 
corrosion, this paper analysed the permeability characteris-
tics of remoulded silty clay based on flexible-wall triaxial 
permeability tests. Based on NMR, XRD, and SEM tests, 
pore distribution, mineral composition, and microstructure 
changes of remoulded silty clay were studied, and the fol-
lowing conclusions were drawn:
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Fig. 7: XRD curves of lower remoulded silty clay corroded by different concentrations of landfill leachate. 
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Fig. 8: Mineral composition changes in lower remoulded silty clay corroded by landfill leachate of different 

concentrations. 
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 1. The saturated hydraulic conductivity of remoulded silty 
clay measured by flexible-wall triaxial permeability 
tests is not more than 1.0×10-7 cm/s, which shows the 
phenomenon of increasing the peak value and then de-
creasing it to a stable value. The value of the hydraulic 
conductivity is related to the back pressure and the 
concentration of the landfill leachate. The larger the back 
pressure and the smaller the concentration, the larger is 
the value of hydraulic conductivity.

 2. The pore size of the remoulded silty clay corroded by the 
leachate is distributed in the range of 0.01-1.03 μm and 
14.55-89.30 μm. The pore distribution is macropores, 
and the pore volume of the bound water in the remoulded 
silty clay increases gradually from the bottom to the 
top, while the pore volume of the free water decreases 
slightly. The concentration of the landfill leachate in-

creases and the back pressure reduces, and the overall 
pore volume distribution decreases.

 3. The main mineral composition of the lower remoulded 
silty clay after the leachate of different concentrations 
is basically unchanged, with quartz accounting for the 
largest percentage, and the content remains unchanged 
before and after corrosion. When the leachate concentra-
tion is 100 %, the change of each mineral composition is 
the most obvious, with the contents of montmorillonite, 
muscovite, and illite decreasing while kaolinite and 
albite increasing. During the process that the landfill 
leachate corrodes the remoulded silty clay, while the 
mineral composition changes, the soil particles will be 
cemented into irregular aggregates, the leachate concen-
tration increases, the aggregates become more compact, 
and the hydraulic conductivity gradually decreases.
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Fig. 9: SEM images (magnified 2000 times) of lower remoulded silty clay corroded by different concentrations of landfill 

leachate. 

 

 

Fig. 9: SEM images (magnified 2000 times) of lower remoulded silty clay corroded by different concentrations of landfill leachate.
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