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ABSTRACT

The fundamental study for an application of nanobubble as a soil remediation enhancer on heavy metal contaminated soil
was carried out. The existence and long—term stability of hydrogen nanobubbles were investigated by particle analysis and
zeta—potential analysis. And the removal efficiency of copper using nanobubble water(NBW) and distilled water(DW) were
compared and analyzed through a batch desorption test. As a result, it is confirmed that nanobubble which was fabricated
by compression—dissolution type generator can exist for more than 14 days. The results of batch test show that copper removal
of NBW was higher than that of DW irrespectively to soil type and increased as solid—liquid ratio and contact time increased,
respectively. According to the pH change, the removal of copper on sand was higher on the acid side but the removal
difference was slightly lower on the clay. It is considered that a high efficiency of NBW in copper removal is due to the
large surface area and high zeta—potential of nanobubbles. Therefore, the nanobubble can be applied to soil remediation

for heavy—metal contaminated soil as an eco—friendly enhancer.
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Fig. 1. Schematic of stability mechanism of nanobubble
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Table 1, Material Properties of soil

Properties / Soil type Sand | Clay (<0.075 mm)
Soil Classification SW CL
Liquid Limit (%) 19,81 4420
Plastic Limit (%) NP 23.82
Specific Gravity (Gs) 2.59 2.46
pH 76 94
Cation Exchange Cavity (Cmol/kg) - 18.23
BET specific surface Area (m?/g) - 16.0
Organic Matter (%) 0.22% 0.85%

*NP: Non Plastic
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Fig. 2. Nanobubble Generator
(a) Pressure gauge (Air pressure in water tank), (b)
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gauge (Outflow), (h) Bubble, (i) Ceramic filter, (j) Pressure
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Table 2. Test conditions of batch test

Units Conditions
Soill Sand, Clay
Contaminant Copper (Cu)
Contaminant Concentration ppm 500
Agents Distilled Water (DW)
H2—Nanobubble Water (NBW)
Solid—liquid ratio gml 11, 12, 1:3, 1:5, 110, 1:20, 1:50
Contact time hours 05,1, 2 3 6, 12, 24
pH of agents 4,5 6,7 8 9 10
Contact speed rom 150
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Table 3. Material properties of nanobubbles

Enhancer Bubble Diameter Particle Concentration C—potential
Mean (nm) Mode (nm) (X108 particles/ml) (mv)
Distilled Water - - _
A 166 1.48 -20.2
B 165 1.45 —20.14
C 181 165 —19.82
Average 1711611 130£9.85 1.56+0.03 —20.13
500 2.00
450 O Mean diameter(nm) =
400 OMode diameter(nm) % 2.50
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Fig. 3. The average mean and mode diameter of nanobubbles
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Fig. 5. Copper removal depending on solid—liquid ratio
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