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Effect of Nano—Bubble on Removal of Complex Heavy Metals
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ABSTRACT

This paper describes a effect of nano—bubble on removal of complex heavy metals, in order to remove pollutants of soil
with copper (Cu) and lead (Pb) based on column test. It was conducted column test considering inflow and fine soil contents
condition, and then it was analyzed removal effect of nano—bubble on Cu and Cu/Pb. The test result showed that the removal
effect of the nano—bubble was higher than that of distilled water regardless of fine soil contents in case of Cu pollutant,
and the removal effect of nano—bubble on heavy metals was found to have a significant impact on Pb than Cu in case
of Cu/Pb pollutants. It was also analyzed that engineering properties (like a flow path and permeability) of soil due to void
ratio has influenced a significant impact the pollutants removal of nano—bubble. The test results determined that nano—bubble
can be applied as a flushing agent for priority target pollutant in complex heavy metals.
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Fig. 1. Nano—Bubble (Song et al., 2013)
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(a) Apparatus for nano—bubble formation

(b) (U]

(b) Schematic of nano—bubble formation(Song, 2013)

Fig. 2. Nano—bubble formation apparatus
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Table 1, Experiment condition

Concentration Flow
Heavy metal type (opm) velocity Fine—soil contents (%)
PP (cm/sec)
0
Copper 6000 15
20
1.0E-4
0
Copper/Lead 6000/2100 15
20
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Table 2. Mass balance of Cu

Residual amount of heavy metal in Runoff|Residual amount of heavy metal .
(mg) in Soil (mg) Total amount of Initial amount of
Classification il ” pm - copper copper
nitia
i m m
unofi ) ) ) Bottom | Middle Top (mg) (mg)
Distilled 0.01 145 0.72 031 | 93039 | 86634 | 976.21 2775.43 3036
Fine water Mass balance (%) o1
contens
0 Nano | 015 | 22000 | 4420 | 125 | 72586 | 80017 | 659.39 25102 | 3038
bubble Mass balance (%) 81
Distiled | 005 | 36100 | 450 | 066 | 93040 | seses | ess.46 30261 | 303
Fine water Mass balance (%) 99
contens
5 Nano 005 | 45800 | 938 | 155 | 88373 | s7591 | 799,65 30827 | 3036
bubble Mass balance (%) 99
Distiled | 016 | 15256 | 034 | 023 | 92773 | oisst | erses 287476 | 3036
Fine water Mass balance (%) 95
contens
0% Nano 034 | 38019 | 2060 | 054 | 85473 | e563 | 82542 200746 | 3036
bubble Mass balance (%) 96
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Fig. 5. Cu/Pb residual concentration — fine contents 0%
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Table 3. Mass balance of complex heavy metals - fine contents; 0%

Residual amount of heavy metals in Residual amount of heavy o
Runoff (mg) metals in Soil (mg) Total amount of Initial amount of
Classification nitial ” pm - heavy metals heavy metals
o () () ) Bottom | Middle Top (mg) (mg)
Distilled 0.15 441 5.65 280 | 74899 | 80619 | 78754 239542 3036
o water Mass balance (%) 79
Nano | 015 | eon | et | inm | ee27t | o4879 | 99056 208064 | 3036
bubble Mass balance (%) 98
Distiled | 004 | 4484 | 485 | 330 | 20394 | 26510 | 24910 mer | 106260
o water Mass balance (%) 73
Nano 004 | 8175 | 5045 | 301 | 27a7m | 31022 | 30695 102713 | 106260
bubble Mass balance (%) 97
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Fig. 6. Cu/Pb residual concentration — fine contents 15%
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Table 4. Mass balance of complex heavy metals — fine contents; 15%

Residual amount of heavy metals in Runoff| ~ Residual amount of heavy .
- (mg) metals in Soil (mg) Total amount of Initial amount of
Classification il ” pm - heavy metals heavy metals
nitia
i (mg) (mg)
runoff () () () Bottom Middle Top g 9
Distilled 0.02 12.09 1.38 4.61 983.60 983.47 820.16 2805,33 3036,00
c water Mass balance (%) 92
u
Nano | 002 | 727 | 752 | 202 | 8049 | oste2 | e3i09 275003 | 3036.00
bubble Mass balance (%) 91
Distiled | 005 | 965 | 020 | 225 | 19376 | 23001 | 34836 727 | 106260
- water Mass balance (%) 75
Nano 006 | 7961 | 200 | 126 | 24279 | 24904 | 249,05 824.71 | 106260
bubble Mass balance (%) 78
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