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H I G H L I G H T S   A B S T R A C T  
• Using the addition of plant fly ash (dry tree 

leaves) on the geotechnical properties of the 
landfill soil.  

• Two percentages of plant fly ash (10% and 
15%) were used. 

•  The soil improved with plant fly ash gave 
results indicating a lower level of heavy 
metal pollution. 

• The results indicated a decrease in the plastic 
and liquid limits with the addition of plant fly 
ash, and a decrease in the specific gravity and 
dry unit weight. 
 

 This paper investigates the impact of the plant fly ash (dry tree leaves) addition on 
the geotechnical properties of the landfill soil, where an engineering laboratory 
landfill simulating a real landfill was manufactured. Two percentages of plant fly 
ash (10% and 15%) were used to reduce or prevent the penetration of heavy metals 
resulting from the decomposition of landfill waste into the soil and conducting 
laboratory tests such as the Atterberg test, specific gravity test, compaction test, 
permeability test, SEM test, and heavy metals analysis. The results of laboratory 
tests indicate a decrease in the plastic limit and the liquid limit with the addition 
of plant fly ash, as well as a decrease in the specific gravity and a decrease in dry 
unit weight with an increase in the need for water content when adding plant fly 
ash. In contrast, the permeability increased with the addition of plant fly ash. In 
the most important laboratory test, which is the chemical analysis of soil metals, 
the soil improved with plant fly ash gave results indicating a lower level of metals 
pollution at depths of (10 cm, 20 cm, and 30 cm) of soil layer compared to natural 
soil. The analysis was conducted on 7 basic pollutants (cadmium, copper, iron, 
Manganese, Zinc, Chromium, and lead), where the percentage of pollutants 
decreased in improved soil compared to natural soil under the same conditions by 
(50%, 74%, 62%, 68%, 60%, 68%, and 55%) respectively. 
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1. Introduction 
Landfills are a major hazard to surface and groundwater resources, either because of waste products, coming into contact 

with soil and groundwater underflow, or precipitation penetration [1]. Organic matter (bio-degradable and non-biodegradable 
carbon), heavy metals, ammonia nitrogen, chlorinated organic and inorganic salts, and inorganic salts may be present in landfills 
leachate discharge [2,3]. Even though the microorganisms can digest some of those pollutants, the limitations of common 
biological procedures (degradation is just a part of COD and only limited bio refractory organic pollutants’ removal) have made 
meeting the correlated discharge standard problematic [3]. The addition of solid trash creates several issues, including the 
possibility of pollutants leaking through the ground from the landfill site and polluting groundwater. Therefore, the proper 
treatment of leachate and solid waste management should be greatly considered [1-7].  

The geotechnical qualities of waste soil were improved so that it can be used for landfill liners. To solve such issues, 
improvement with plant fly ash such as dried leaves is more successful in clay soils. It improves the bearing capacity of the soil 
by making it more stable [8, 9]. The engineering features of soil combined with stabilizers were studied in this research through 
a series of tests. The ideal percentage of additional plant fly ash was then found for each test by Al-Adhamii et al. [10].  The fly 
ash was mixed with the soil at different percentages by weight of the soil at 10%, 15%, and 20% of dry soil weight. Fly ash was 
also used as a component in the production of flowable fill and used as the filler mineral in asphalt road laying to fill the voids. 
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Furthermore, fly ash is used as a component in geopolymers and Roller compacted concrete dams. When fly ash is treated with 
silicon hydroxide, it acts as a catalyst [5,6]. 

The lack of a sufficient bottom liner or collection system in many landfills exacerbates the leachate problem, increasing the 
risk of leachate dissipation through the waste layers and contaminating groundwater [4]. When it comes into touch with the 
surrounding soil, surface water, or groundwater, it may cause substantial pollution problems, resulting in negative effects on 
living organisms. As a result, the landfill liner and soil layers must be chosen to prevent groundwater pollution [1]. 

The main goal of the present study is to study some important engineering properties of the landfill soil and determine the 
effect of adding different percentages of plant fly ash to the soil to improve the engineering properties. 

2. Experimental Part 

2.1  Soil 
The soil used in the study was selected from Al-Sada area in eastern Baghdad. It is yellow clay soil. The quality of the clay 

soil used in the research was chosen due to the need of some cities for sanitary landfill and because the sites where work can be 
carried out have clay soil, so that soil was chosen to work on it. The samples were taken from a depth ranging between (2-2.5 
m) below the natural ground surface. The physical properties are shown in Table 1. 

Table 1: The physical properties of the soil 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

2.2 Plant Fly Ash 
Plant fly ash used in the study was collected from the gardens of Baghdad International Airport. The percentage was chosen 

as 10% and 15% based on [10]. The plant fly ash was burned in an electric furnace at 400°C and ground into fine powder particles 
as recommended by Al-Adhamii et al. [10], as shown in Figure 1. 

 
Figure 1: Plant fly ash (PFA) 

2.3 Scale Lysimeter Design 
As a prototype of a traditional landfill system, a scale lysimeter was mounted and worked on researching and understanding 

the actions of landfill systems. A laboratory-built landfill system with dimensions of 1000 mm width, 1000 mm length, and 1000 
mm height and a total volume of 1 m3 was fabricated, standing on constructed moving wheels as a base field. The moving base 

Test Natural soil Standard 
 
Atterberg limits 

L.L% 43  
ASTMD 4318 P.L% 23 

P.I% 20 
Specific gravity (Gs) 2.7 ASTMD 854 
Maximum dry unit weight (KN/m3) 17.3 ASTMD 1557 
Optimum moisture content, (%) 20 ASTMD 1557 
Particle size analysis: 
D10, (mm) 
D30, (mm) 
D50, (mm) 
D60, (mm) 

 
- 
- 

0.002 
0.05 

 
 

ASTMD 422 

 Gravel% 0  
 

ASTMD 422 
Sand% 2 
Silt% 26 
Clay% 72 

Passing sieve No. 200 (0.075 mm), (%) 98 ASTMD 422 
Classification CL USCS 



Abdulrahman A. Salim et al. Engineering and Technology Journal 40 (11) (2022) 1385- 1398 
 

1387 
 

was needed for working and handling. The collection was constructed of acrylic sheets with a 10 mm wall thickness and slightly 
slanted edges. There is a municipal sewage waste MSW sheet between the liner system and the cover system. The longitudinal 
slope of a drainage pipe with a diameter of 75 mm is 1% to minimize sedimentation and enable sufficient flow capacity. Leachate 
will be collected or drained through 3 rows. For the laboratory setup, the landfill liner and cover system specifications were 
reduced according to Ravindranath et al. [11]. The cover system is 1200 mm thick, and the linear system is 1050 mm thick. As 
a result, the cover and liner systems decreased to 8.3 % and 29 %, respectively, of the requirements stated above. For laboratory 
investigations, a waste thickness of 5 m was downscaled to 400 mm (8%) from a field thickness of 5 m following Ogwueleka 
[12]. A 1 mm thick geo-grid has been mounted as a separation layer at the top cover interface, MSW layer, and bottom liner 
system to prevent soil particles from clogging the drainage layer and mixing materials from different layers. To prevent leachate 
leakage, the device was also made airtight with silicone gel. The following parts describe the location and properties of the 
system's different components. The filling and components of the pilot-scale lysimeter are shown in Figure 2.  

A 100 mm thick gravel layer with particle sizes that range from 12 mm to 10 mm has been mounted on the pilot system's 
liner to enable easy leachate to flow into the leachate collection tank. In addition, a 10 mm thick perforated plate was mounted 
just above the gravel layer to distinguish the liner layer from the leachate collection sheet.  

A drainage layer and a compacted clay layer make up the 300 mm thick liner framework. In the liner scheme, locally 
accessible clay soil has been utilized as a barrier material. To achieve the necessary density at a particular water content, a clay 
thickness of 350 mm was compacted. The surrounding area, known for its high organic content, supported municipal solid waste 
(MSW) with a composition consistent with MSW at the point of generation (households).  

After shredding the waste to a reasonable size, it was inserted into the pilot-scale lysimeter. In addition, the lysimeter had 
five side ports for MSW samples, thermocouples sensors, and moisture monitoring. At the top of the lysimeter, layers of 
compacted clay were given to cover for daily rainfall distribution and protect the outdoor atmosphere from lysimeter effects, 
such as odor or other pathogen effects. 

 
Figure 2: Pilot-scale lysimeter drawing 

3. Results and Discussion 

3.1 Grain Size Distribution 
 "ASTM D421-10 and D422-10" specifications were used to conduct the "grain size distribution." Figure 3 shows the grain 

size distributions before and after adding plant fly ash (PFA) at 10% and 15% by weight of soil. The graph shows the change in 
particle gradation as the plant fly ash (PFA) percent increases. The gradation curves are close together, indicating that the plant 
fly ash (PFA) gradation is like the original soil's. The soil becomes somewhat coarser as the plant fly ash (PFA) concentration 
increases, and the sedimentation time in a hydrometer test lowers somewhat as the plant fly ash (PFA) concentration increases 
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Figure 3: Grain size distribution of the treated and untreated soil 

 
Figure 4: Effect of cement paste and plant fly ash (PFA) content on Atterberg limits 

 

3.2 Atterberg Limits  
Plastic and liquid limits, as well as the plasticity index, define Atterberg limits or consistency limits. As soaking conditions 

change, these limits govern the consistency of the soils [13, 14]. The change in the character of the soil is to blame for the decline 
in both the liquid and plastic limits, as shown in Figure 4. When the organic matter content increases, both the liquid and plastic 
limits drop, which can be attributed to the pozzolanic activity associated with the plant fly ash (PFA) (10% and 15%) reaction 
during the hydration process. 

3.3 Specific Gravity (GS) 
 Figure 5 depicts the specific gravity of soils with various %ages of plant fly ash (PFA) due to the lower density of plant fly 

ash (PFA). The drop in specific gravity values of the soil with increased plant fly ash (PFA) content is the result of increasing 
lightweight elements of the same volume. The specific gravity of plant fly ash (PFA) is estimated to be around 2.2. 

3.4   Compaction Test 
Figures 6,7, and 8 show how the plant fly ash (PFA) presence affects the optimal moisture content (ωopt) and maximal dry 

unit weight (γdmax). The (γdmax) lowers as the plant fly ash (PFA) content rises. However, when the amount of plant fly ash (PFA) 
content increases, the (ωopt) grows. A drop in dry density could be related to the plant fly ash (PFA) lower specific gravity. In 
contrast, an increase in the optimal moisture content could be related to the need for water to hydrate, as indicated by [10]. 

Figure 7 demonstrates that the optimal water content increases at 10% and 15% plant fly ash (PFA). The rise in the optimum 
water content, despite the lower surface area caused by flocculation and agglomeration, is due to the samples' extra-fine contents, 
which require more water. In addition, the plant fly ash (PFA) requires even more water to begin pozzolanic processes. Likely, 
the increase in the optimal moisture level with the application of plant fly ash (PFA) is due to water adsorption by plant fly ash 
(PFA). According to Haricchane et al. [15], more water is required to compress the soil combinations. 
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Figure 5: Values of specific gravity for treated and untreated soil 

 
Figure 6: Variation of the dry density with moisture content for different (C/S) and plant fly ash (PFA) presents 

 
Figure 7: Variation of the optimum water content with different % of additive (C/S) and plant fly ash (PFA) presents 

 
Figure 8 shows that increasing the plant fly ash (PFA) content lowers the maximum dry unit weight from 17.3 to 17 kN/m3 

due to the lower density of plant fly ash (PFA). The drop in the maximum dry unit weight can be attributed to the substitution of 
soil in the mixture by plant fly ash (PFA), which has a lower specific gravity (2.2) than soil (2.7). 
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Figure 8: Variation of the maximum dry density for different (C/S) and plant fly ash (PFA) presents 

3.5  Permeability 
Table 2 shows that when adding 10% and 15% plant fly ash content (PFA) each by dry weight of soil, the permeability 

changes where the permeability of the dominant soil was 1.15×10-7. The results obtained show that the additional 10% from 
plant fly ash (PFA) increased the permeability to 5.36 × 10-6, but when adding 15% plant fly ash (PFA), the permeability goes 
back to a small decrease to 3.15 × 106-, and this is due to the formation of chemical bonds and aggregation. The addition of a 
greater amount of plant fly ash (PFA) with soil particles that fill the voids of the composite sample, as well as the chemical 
reaction between the stabilizing agent (PFA) and the soil material, results in a reduction in the permeability values of the 
stabilized soil sample. The void ratio lowers as the stabilizing agent is applied in higher amounts to the soil.  

3.6 Sem Test 
The scanning electron microscope (SEM) showed the morphology of the samples prepared in a high-magnification scanning 

range ranging from (200-500 nm). As shown in Figure 9, the nanoparticles are in the form of granular aggregates of different 
sizes, with the appearance of other nanowire-like formations roughly consistent with ural [16]. 

Table 2: Coefficient permeability of treated and untreated soil 

Material + Stabilizer (%) Hydraulic conductivity, 𝐤𝐤 (m/sec) 
Soil (S) 1.15×10-7 
S+ 10% plant fly ash (PFA)    5.36 × 10-6 
S+ 15% plant fly ash (PFA)    3.15 × 10-6 

 
Figure 9: The morphology of the sample grains (natural soil in the scan range of 200 nm) 

The grain diameters and the average grain diameter were found using the ImageJ program, and the grain diameters ranged 
between (2 nm-33 nm). As for the average diameter of the nanoparticles, it was found to be equal to (7.51 nm), as shown in 
Figure 10. It presents the particle sizes distribution and the granules' average diameter. 
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Figure 10: Distribution of granule sizes and the average grain diameter of the sample grains (natural soil) in the 200 nm  

                   survey range 

 
Figure 11: The morphology of the sample grains (10% plant fly ash to soil) in a survey range of 200 nm 

 

Scanning electron microscopy (SEM) showed the morphology of the sample of 10% plant fly ash to soil prepared in a high-
magnification scanning range (200 nm). Figure 11 shows the random and compacted dense distribution of nanoparticles in the 
form of granular aggregations of different sizes with the appearance of other semi-spherical and rod-like formations 
nanoparticles, and the growth method of nanoparticles is roughly consistent with [17,18]. 

The diameters of the particles and the average grain diameter were found using (ImageJ) program. The diameters of the 
particles ranged between ((5 nm – 55 nm). As for the average diameter of the nanoparticles, it was found that it is equal to (25.12 
nm) as shown in Figure 12, which displays the distribution of the grain sizes and the average diameter of the granules. 

As for the sample of 15% plant fly ash in the soil, the scanning electron microscope (SEM) showed the sample's morphology, 
which was prepared in a high-magnification scanning range (200 nm). Figure 13 shows the random and compact dense 
distribution of nanoparticles in the form of granular aggregations of different sizes with the appearance of other semi-spherical 
formations. Others are similar to nanorods, and the growth method of nanoparticles is roughly consistent with [18] to [19, 20]. 

The diameters of the particles and the average grain diameter were found using (ImageJ) program. The diameters of the 
particles ranged between ((12 nm – 100 nm). As for the average diameter of the nanoparticles, it was found that it is equal to 
(25.35 nm) as shown in Figure 14, which shows the distribution of the grain sizes and the average diameter of the granules. 

Table 3 shows the particle diameters and particle size rates according to the SEM examination of the prepared samples. 
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Figure 12: Distribution of granule sizes and the average particle diameter of the sample grains (10% 

                                  plant fly ash to soil) in a scan range of 200 nm. 

 
Figure 13: The morphology of the sample grains (15% plant fly ash to soil) in a survey range of 200 nm 

 
Figure 14: Distribution of particle sizes and the average particle diameter of the sample grains (20% plant fly ash to soil)  

                  in the 200 nm survey range 
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Table 3: Grain diameters and particle size rates according to FESEM assay for MnO2 films prepared on porous silicon, 
               silicon and quartz substrates 

Sample Granular diameter range (nm) granule diameter rate (nm) 
Natural soil 2-33 7.51 
Soil + 10% plant fly ash 5-55 25.12 
Soil + 15% plant fly ash 12-100 25.35 

Table 4: Results of EDS for natural soil 

Element Wt% Wt% Sigma Element Wt% Wt% Sigma 
C 18.83 0.52 Cl 0.46 0.04 
O 49.82 0.38 K 1.09 0.05 
Na 0.48 0.04 Ca 10.92 0.12 
Mg 2.22 0.05 Ti 0.36 0.05 
Si 12.06 0.12 Fe 3.60 0.13 
S 0.16 0.04 - - - 

 
Figure 15: Results of EDS for natural soil 

 

3.7 EDS Test  
The test includes samples (Natural soil, Soil + 10% plant fly ash, and Soil + 15% plant fly ash). Test results obtained from 

the energy–dispersive X-ray Spectroscopy (EDS) are presented in Figures 15 to 17  and Tables 4 to 6. It is noted that the most 
available ions are calcium and silica. 

 



Abdulrahman A. Salim et al. Engineering and Technology Journal 40 (11) (2022) 1385- 1398 
 

1394 
 

 
Figure 16: Results of EDS for soil+10% plant fly ash (PFA) 

Table 5: Results of EDS for soil+10% plant fly ash (PFA) 

Element Wt% Wt% Sigma Element Wt% Wt% Sigma 
C 18.57 0.50 Cl 0.33 0.03 
O 50.36 0.38 K 0.97 0.04 
Na 0.39 0.04 Ca 12.62 0.13 
Mg 1.92 0.04 Ti 0.33 0.05 
Si 10.00 0.10 Fe 2.88 0.12 
S 1.62 0.05 Total: 100.00 - 

Table 6: Results of EDS for soil+15% plant fly ash (PFA) 

Element Wt% Wt% Sigma Element Wt% Wt% Sigma 
C 19.28 0.47 K 1.15 0.05 
O 50.45 0.36 Ca 11.09 0.12 
Na 0.38 0.04 Ti 0.31 0.05 
Mg 2.23 0.05 Fe 3.87 0.13 
Si 10.95 0.10 Total: 100.00  
Cl 0.30 0.03 - - - 
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Figure 17: Results of EDS for soil+15% plant fly ash (PFA) 

3.8 Chemical Concentration (Heavy Metals) In Soils 
Plant fly ash (PFA) reduces leachability by incorporating the heavy metal species in a high pH matrix. Within this high pH 

matrix, a significant portion of the heavy metal ions is precipitated in their least soluble forms. Suitable plant fly ash control 
leachability to buffer the leachate that comes in contact with the treated waste. This ability to buffer the leachate is very important 
since most heavy metal species become increasingly soluble as the pH drops. Generally, the higher the buffering capacity of the 
waste, the greater the possibility of maintaining alkaline pH conditions, thus minimizing the amount of contaminant release due 
to dissolution. 

The chemical analysis of the test soils passing within leachate at different depths (10 cm, 20 cm, and 30 cm) is discussed 
herein.  

The concentrations of Cd, Cr, Cu, Fe, Mn, Pb, and Zn in the natural soil varied, with Fe having the highest concentration 
and Cd the lowest. Figure (18A) shows the variation of Cadmium concentration in the untreated (control) soil and treated soil. 
The low concentration of Cd at the lysimeter landfill, including the control site, may indicate naturally low concentrations of this 
heavy metal in the soil. In that concentration of Cadmium was found to vary from 0.5 mg/kg to 0.2 mg/kg.  

Based on the chart review, approximately (50% on 30 cm depth) reduction in Cadmium concentration was observed with 
the addition of additives (Plant fly ash) to untreated soil. Maximum reduction in the Cadmium concentration was observed at a 
distance of 0.3 m depth from the point of application of leachate after 150 days.  

The variation of the copper concentration in the leachate test soil is shown in Figure (18B). The concentration of copper was 
found to vary from 7 mg/kg to 5 mg/kg. Maximum and minimum Copper concentration was observed at depths of 0.2 and 0.3 
m, respectively, 150 days after the beginning of the experiment. As well as, when the chemical concentration permeates into the 
treated (stabilized) soil, decreases in copper concentration have been observed with increasing the maturation period. It reached 
(74%  ) at a depth of 30 cm.  
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g. Lead 

Figure 18: Heavy metal vs. mid-depth of soil samples 

Differences were observed in Fe concentrations between treated soil of the landfill lysimeter and those from the control soil. 
Figure (18c) shows that in the leachate test in untreated soil, the Iron concentration at a depth of 10 cm (6500 mg/kg) was higher 
than those at a depth of 20 cm (5500 mg/kg). These, in turn, were higher than Fe concentration values for soils at a depth of 30 
cm. Maximum quantity of Iron was observed at 0.1 m depth from the point of application of leachate after 150 days. Minimum 
was at 0.3 m depth after 150 days. As for the treated soil (plant fly ash), a decrease in the concentration of Iron was observed 
concerning the depth period. It reached (62%) at a depth of 30 cm. 

The concentration of Manganese Figure 18d is found to vary from 40 mg/kg to 25 mg/kg, and that of Zinc Figure 18e varies 
from 65 mg/kg to 55 mg/kg. The maximum concentration of Manganese was observed at 0.2 m depth from the point of 
application of leachate after 150 days. The maximum concentration of Zinc was observed at 0.1 m depth from the point of 
application of leachate after 150 days. While in treated soil, there is a gradual decrease in Manganese and Zinc concentration. It 
reached (68% and 60%) at a depth of 30 cm. 

According to Figures 18f and 18g for the soil control test, a change in the concentration of Chromium and lead is observed 
to vary from 11 mg/kg to 8 mg/kg and 45 mg/kg to 58 mg/kg, respectively. The maximum concentration of Chromium was 
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observed at 0.1 m depth from the point of application of leachate after 150 days, whereas, at 0.3 m depth at the beginning of 
leachate application, maximum lead concentration is observed. High levels of Cr at the control site compared to the natural soil 
have also been reported in other landfill site studies [21]. They have been attributed to leachate migration from landfill. It should 
be remarked here that, the concentration of Pb and Cr at the 10 and 20 cm, and 30 depths, the Pb accumulated more at the 30 cm 
depth than at the 10 cm depth, whereas Cr was deposited oppositely. These phenomena are due to the great variation in pattern 
and contamination rates in-depth as a result of pollutant discharge at the source. The fact that the lower strata seem to be more 
heavily polluted may indicate that pollution at the source is decreased over the years, and vice versa in the Cr.  

While for treated soil (plant fly ash), all these chemicals show a gradual decrease in concentration on 150 days maturing 
period decrease in Chromium and lead concentration It reached (68% and 55%) respectively at a depth of 30 cm. 

4. Conclusions 
This paper investigates the impact of the plant fly Ash (dry tree leaves) on the geotechnical properties of landfill soil, where 

an engineering laboratory landfill simulating a real landfill was manufactured. Two percentages of plant fly ash (10% and 15%) 
were used to reduce or prevent the penetration of heavy metals resulting from the decomposition of landfill waste into the soil 
and conducting laboratory tests. The following conclusions could be obtained: 

 With increased plant fly ash content, the specific gravity of the soil samples decreased from 2.7 to 2.4.  
 Adding plant fly-ash increased the optimal moisture content while lowering the maximum dry density. For example, the ideal 

water content rises from 20 percent to 25 percent when plant fly ash is added at 10% and increases to 24.5 percent when plant 
fly ash is added at 15%.  

 The stabilizer (plant fly ash) reduces the maximum dry unit weight from 17.3 to 17.2, and 17 kN/m3 is validated by the 
maximum dry density. As a result, the permeability values increased, and adding plant fly ash increased its permeability. Still, 
it does not cause problems because the additive has a good adsorption capacity. 

 The analysis was conducted on 7 basic pollutants (cadmium, copper, iron, Manganese, Zinc, Chromium, and lead), where the 
percentage of pollutants decreased in improved soil compared to natural soil under the same conditions by (50%, 74%, 62%, 
68%, 60%, 68%, and 55%) respectively. 

 At various depths, key soil chemicals such as iron, Chromium, Cadmium, Copper, Zinc, Lead, and Manganese were examined 
(10 cm, 20 cm, and 30 cm). The results demonstrated that adding plant fly ash increases the average removal efficiency of 
Cadmium, Iron, Manganese, Chromium, Copper, and Zinc and leads to concentrations as compared to the natural soil. 
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