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Chemical properties of TSP Quantity measured
P>0s (Total) 46%

P20s (Soluble in water) 42.5%

Free acid Max 4%
Moisture Max 3.5%

Cd Max 25 ppm
Pb Max 50 ppm
Size 1-3 mm 90%

Table 1. Chemical properties of Triple Super Phosphate
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Physical properties of Bentonite

Quantity measured

References

Clay (%) 76 ASTM, D422-63 [16]
Silt (%) 23 ASTM, D422-63 [16]
Sand (%) 1 ASTM, D422-63 [16]
Liquid Limit (%) 336 ASTM, D4318 [16]
Plasticity Index (%) 301 ASTM, D4318 [16]
pH (1:10 ; soil : water) 9.9

Surface area (m?* kg*1073) 416.5+5 Elthantaway & Arnold, 1973
CEC (cmol / kg soil) 65.23 Handershot & Duquette, 1986 [ 18]
X Ray Results: d001 12.45 A° Ouhadi and Yong, 2003 [19]
Classification CH ASTM, D3282 [16]
Mineral composition Montmorillonite

In decreasing abundance

Quartz, Calcite

ASTM, D2216 [16]

Table 2. Geotechnical and geo-environmental characteristics of bentonite samples.
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Fig. 1. XRD pattern of bentonite soil.
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Fig. 4. Sedimentation of mixtures of bentonite-TSP, (from right to
left: 0, 1,2, 5, 10% TSP).
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Fig. 3. Sedimentation of bentonite at different percentage of TSP.
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Abstract:

In the recent years the use of phosphate fertilizer has been increased. On the other hand, the use of phosphate
fertilizer causes change in micro-structure and geotechnical properties of clayey soils. This may raise the risk
for groundwater contamination. The main objective of this paper is to study the permeability and
microstructural change of clayey soils after interaction with phosphate fertilizer. To achieve the above
mentioned objective, series of geo-environmental engineering experiments was performed and the process of
interaction of bentonite with phosphate fertilizer is studied.

This study is performed on bentonite sample. Phosphate fertilizer (TSP) is used to investigate its
interaction with bentonite. In this experimental study, 0, 0.5, 1, 2, 5, 10, 20, 30, and 50 percent TSP was
added to bentonite samples. Then, dry samples were mixed with 40% distilled water. Samples were kept for
90 days to reach equilibrium. Then, a series of geotechnical and geo-environmental experiments were
performed on samples. For preparation of samples for XRD analysis, 7 drops of soil TSP mixture suspension
were poured on a glass slide. After air drying of samples, several XRD analyses were performed on samples
with Siemens-Diffract meter D8 Advance apparatus. To investigate on the soil TSP interaction, series of
batch equilibrium tests were performed on different mixtures of bentonite and TSP. For this purpose TSP
samples were mixed with bentonite samples at the above mentioned quantity of TSP. For microstructure
experiments, 1 gram of each dry sample was mixed with 50 ml of distilled water. Samples were shaked for 3
hours. Then, they were kept for 24 hours. After another shaking period of 3 hours samples were kept for
another 120 hours to achieve equilibrium. Then, the required microstructure tests of pH measurement and
XRD experiments were performed on samples.

The evaluation of permeability variations, sedimentation tests, plasticity properties, soil pH variations and
results of XRD and SEM experiments show that the presence of phosphate fertilizer changes the clay soil
microstructure. Based on the achieved results, the presence of 2% TSP causes a reduction in soil pH.
Furthermore, from microstructural point of view, based on the results of this study phosphate fertilizer
causes a reduction on the quantity of intensity of basal spacing of montmorillonite. The maximum rate in
change in bentonite micro-structure happened at the presence of 2% TSP. With a further increase in TSP
concentration, a reduction on the rate of change in soil structure happens. This change in soil microstructure
causes an increase in soil voids; consequently the permeability might increase around 425 times at the
presence of 2 percent phosphate fertilizer. According to the results of this study due to the acidic condition of
TSP, the presence of 0.5% TSP causes a 27% reduction in liquid limit of soil. The pattern of liquid limit
reduction of bentonite-TSP mixtures corresponds with the sedimentation results. In fact, the presence of TSP
in bentonite due to the acidic condition of TSP and due to the release of calcium ions by TSP, causes a
reduction in clay double layer thickness. This consequently causes a reduction in soil liquid limit and an
increase in soil sedimentation height.

Keywords: Microstructure; Permeability; Clayey Soils; Phosphate Fertilizer; XRD; SEM.
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