(YEH=3)

Journal of the Korean Society of Visualization, Vol. 22, No. 3 (117~123), 2024
(Manuscript received : 2024.10.25./Revised : 2024.11.19./Accepted : 2024.11.29.)
DOL:http://dx.doi.org/10.5407/iksv.2024.22.3.117

ISSN 1598-8430 Print
ISSN 2093-808X Online

DNES7IZE 0| 8¢t H[itHe] S5 2al0f Ceh BHEd A+

A 9B AR 2AF AR

T T

Feasibility study of heavy metal separation in fly ash using microbubbles from
cavitation

Hyeonwoo Kim’, Jinho Oh™, Hyunduk Seo , Jachwan Eun~ , Kyung Chun Kim'

Abstract This study aims to confirm the feasibility of separating heavy metals and chlorine from fly
ash generated in power plants and incinerators, enabling its potential reuse. A closed-loop Venturi
system was used as the cavitation generator, applying the Bernoulli principle. Cavitation occurs when
local pressure drops below the vapor pressure, and the energy released during the collapse of
cavitation bubbles effectively detaches contaminants bound to the surface of the fly ash. Preliminary
experiments visualizing cavitation in water confirmed the cavitation occurrence zone. After washing
two types of fly ash, component analysis revealed a reduction in chlorine ions by 76-86.1% and lead
by 89.5%. In additional experiments using a different fly ash sample, reductions in lead (80.7%),
copper (99.5%), and hexavalent chromium (at least 63.6%) were observed. While there may be some
errors due to measurement limitations, these results demonstrate the efficiency of this system in
cleaning contaminated fly ash.
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Fig. 1. Schematic of principle to remove heavy
metals in fly ash using cavitation bubbles from
venturi tube
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Table 1. Results of analysis by each type of fly ash
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Fig. 4. Constructed closed-loop venturi system
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Fig. 5. (Top) No cavitation (Bottom) Cavitation

Table 2. Check table of cavitation occurrence
according to flow rate

g | 97 FH ST T (2g wy ap
1.18 0.1 0.038 X
1.54 0.175 0.04 X
1.87 0.265 0.042 X
2.19 0.355 0.1 X
2.52 0.44 0.13 X
2.79 0.52 0.15 X
3.01 0.78 0.165 (¢}
3.36 0.965 0.18 (0]
3.54 1.18 0.195 (0]
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Fig. 6. Visualization for cavitation in water-fly ash
mixture at venturi throat for 1-5 seconds

Table 3. Table of inlet, outlet pressure and flow
rates for each case

RO | it | aam
;%ﬁfﬁ 2.90 1 0.15
ﬁ\;ﬁﬁ? 2.67 0.65 0.15
B%@H 2.59 0.7 0.15
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Table 4. Chlorine ion reduction efficiency comparison

A4 o]2(mg/l) | A4 HAHA | &7 AH|AA
Basic (th =) 5,754.0 23,324.6
Mix - 5,559.0
Processed 1,217.6 3,249.0
B - 76 %
A B
78.8 % 86.1 %
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Table 5. Lead reduction efficiency of Power Plant

Fly ash
T2 g (mg/L)
Basic (t]z2T) 0.380
Processed E74E (A% 34 0.04 mgl)
A7 2E H2 89.5 %

Table 6. Heavy metals reduction efficiency of
Incinerator Plant “B” Fly ash

EXEY w T3 (VA==
- (mg/L) | (mg/L) (mg/L)
Basic (=) | 1712 | 5.060 0.11
Processed 0.331 0.0026 2=
A7 &8 80.7 % | 995 % | H2A 63.6 %
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