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Abstract : This study was tested to evaluate the effect of the six different combinations of microbubble, catalyst, and air as oxidant
on the sludge and organic matter reduction. When all of microbubbles and catalyst, and an oxidizing agent (under Conditions 1)
such as air were used, the sludge was removed more than 99%, and TCOD and SCOD removal was 58% and 13%, respectively.
This result was the highest value of six conditions. In the following order, the sludge reduction of the microbubbles with air
(Condition 2) and catalyst with air (condition 4) was 95% and 93.1%, respectively. TCOD removal was found to be each 53%
and 47%. When the microbubbles were used with oxidant like air, the removal of sludge and organic matter was high. All of
these values were higher than that of using only microbubbles and catalyst without air. In the microbubbles and catalyst react under
air supply condition, OH-radicals were generated in the reaction process. These OH-radicals in the reaction process decomposed
the pollutants by the strong oxidizing power. In all conditions with air, the sludge reduction was high removal rate more than 93%
and TCOD removal was over 47%.
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Table 1. Operating conditions according to the microbubbles,
catalyst, and air combinations

Conditions
No - - Note
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Condition 1 @) O O
Condition 2 @) O X
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Fig. 1. Comparison of sludge reduction by combination of mi-

crobubbles, catalyst, and air,

Condition 1: Microbubble + Catalyst + Air

Condition 2: Microbubbles + Air

Condition 3: only Microbubble

Condition 4: Catalyst + Air

Condition 5: only Catalyst, and

Condition 6: only wastewater circulation by pump using

water hose
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Fig. 2. Comparison of Total Chemical Oxygen Demand (TCOD)

(@ and Soluble Chemical Oxygen Demand (SCOD) (b)

concentration in the 6 combination conditions,

Condition 1: Microbubble + Catalyst + Air

Condition 2: Microbubbles + Air

Condition 3: only Microbubble

Condition 4: Catalyst + Air

Condition 5: only Catalyst, and

Condition 6: only wastewater circulation by pump using
water hose

o| a2 2WE3} Zuljqt A8t Condition31} Condition52] 73
S ZFZF 20%2) 41% 2 =0l AF83F A oF ouf) AE =
Utk 2y AEHA R 3715 3Ee A, mholAEHE
(Condition2)3} Zufj(Condition4) 2] TCODZﬂﬂ% 2}z 53%
oF 47% %l e, nfola2HEY S, Tea FUE BF
Z-8-3t Condition1 2] TCOD A|AEL 58%= 74 =4
etk 9ol frle B A7 AFE Helx) AAL)
e Ang mel #3ch

o|et= g SCOD A|AGE o 13%= BE 2004

WOIthFig. 2(b)). SCOD= §&4 f7lede=d= A=
o o8] B3 7bset BdSo|n, TCODE ujgE| o/

2o} olele BUEAA WS Ackn 15 4 9

t}. wabd TCODO Bajso =, SCOD_J
o Ao AR o3 Lot ofele 2
Aoz et olelw Ak of Al AHE
Wo Axe] ALWOR AL of S feT 5 UL
oz PoEY = ngEARALe} zz% NP
o §710PBAL BsHe Bl AU A
AL 5 9l Aadlol7] o] §7]0d8d o ]
A7)0 A7} AT §7] 2984 A7t 2l
ol7] wEolck. upebd ulgE] o) Haj7} ol £
ol e T s Aol 2itsel 9
o e gol @ 4 okx & 4 Ak

UMELE‘HET% Sl 22l AR F7
ﬁomaur. o A3 39 St wE Aga

(Condition)] & X|9} 972 QA ZaF AW Wi 7}
A ek i) e avks E22 vlmstel 3u) of
A Egkom, f7]0 gl e 1) o o] Hi 3
o2 VR E3t oo AR BT} S ukgof AlatAe]
AHE BT njxe g3Fo] 2 Ao Z et AEAE
LF3= ZAA et vfojazwE = sy F L35}
et S AFaETes 93% o] &2 AAES 2
th olo] Ax} Zujo] AbAolo] IS O lo] AMAE B}
ol=FA Pt} vtolazwEo] A WAYHE 3}
ol==Al ghigo) ot el Fgol qlolAi Aolzt 2
A ke Aoz etk

Frled=de] g e S2A A B
ARRE Aakg HojEglon, Suljie nlo| A= Eo] AFs)
Aol e o wol W Ao Uehgh,

Acknowledgement

References

1. Kim, H., Lee, D., Jang, H. and Chung, T., “Anaerobic di-
gestion technology for biogas production using organic waste,”
Korea Org. Resour. Recycling Assoc., 18(3), 50~59(2010).

2. Jeong, K., Choi, D. Y., Kawg, J. H., Park, C. H., Kim, J.
W., Jeong, M. S. and Yoo, Y. H., “Treatment and reuse of
solid piggery slurry,” Proc. Korea Org. Resour. Recycling
Assoc., pp. 135~139(2007).

3. Zhu, N., “Effect of low initial C/N ratio on aerobic compost-

CHEtERA 2SR | ®372 M105] 20153 102 |

561



562 ,

J. Korean Soc. Environ. Eng.
XA - 2ol - MRS -
o o Ao o yumy

ol - Zehy - st - Loi7 - Yat

10.

11.

12.

13.

14.

ing of swine manure with rice straw,” Bioresour. Technol.,
98, 9~13(2007).

Jang, J. K., Kim, S. H., Ryou, Y. S., Lee, S. H., Kang, Y.
G., Kim, Y. H. and Choi, J. E., “Studies on a feasibility of
swine farm wastewater treatment using microbial fuel cell,”
Korean Soc. Microbiol. Biotechnol., 38(4), 461~466(2010).
Huang, G. F., Wong, J. W. C., Wu, Q. T., Nagar, B. B,
“Effect of C/N on composting of pig manure with sawdust,”
Waste Manage., 24, 805~813(2004).

Kishida, N., Kim, J., Chen, M., Sasaki, H. and Sudo, R.,
“Effectiveness of oxidation-reduction potential and Ph as
monitoring and control parameters for nitrogen removal in
swine wastewater treatment by sequencing batch reactors,”
J. Biosci. Bioeng., 96(3), 285~290(2003).

Bernet, N., Delgenes, N., Akunna, J. C., Delgenes, J. P.
and Moletta, R., “Combined anaerobic-acrobic SBR for the
treatment of piggery wastewater,” Water Res., 34(2), 611~
619(2000)

Belmonte, M. and Vidal, G., “Effect of COD/N ratio on
treatment of swine wastewater,” 3™ Symposium on Agricul-
tural and Agroindustrial Waste Management, IIISIGER, Sao
Pedro(2003).

Takahashi, M., “The (potential of microbubbles in aqueous
solutions-Electrical property of the gas-water interface-,” J.
Phys. Chem. B, 109, 21858~21864(2005).

Agarwa, A., Ng, W. J. and Liu, Y., “Principle and applica-
tions of microbubble and nanobubble technology for water
treatment,” Chemosphere, 84, 1175~1180(2011).

Marui, T., “An introduction to micro/nano-bubbles and their
applications,” Systemics, Cybernetics and Informatics, 11,
68~73(2013).

Cha, H. S., “Present state and future prospect for microbubble
technology,” Bullet. Food Technol., 22, 544~552(2009).
Li, P., Takahashi, M. and Chiba, K., “Enhanced free-radical
generation by shrinking microbubbles using a copper catalyst,”
Chemosphere, 77, 1157~1160(2009).

Takahashi, M., Chiba, K. and Li, P., “Free-radical generation
from collapsing microbubbles in the absence of a dynamic

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

stimulus,” J. Phys. Chem. B, 111, 1343~1347(2007).

Lee, W. J., Lee, C. H, Yoo, J. Y., Kim, K. Y. and Jang. K.
L., “Sterilization efficacy of washing method using based on
microbubbles and electrolyzed water on various vegetables,”
J. Korean Soc. Food Sci. Nutr., 40, 912~917(2011).

Kim, C. S., Yu, S. Y., Lee, G. I, Kim, S. H., Lee, J. W.
and Song, J. K., “Sterilizing effect of plant pathogenic fungi
using ozone microbubble.” Producted Horticulture and
Plant Factory, 23, 250~255(2014).

Lee, S. H., Jung, K. J., Kwon, J. H. and Lee, S. H., “Effect
of microbubble ozonation process on performance of biological
reactor system for excess sludge solubilisation,” J. Korean
Soc. Environ. Eng., 33(2), 113~119(2011).

Jang, J. K., Pham, T. H., Chang, 1. S., Kang, K. H., Moon,
H., Cho, K. S. and Kim, B. H., “Construction and operation
of a novel mediator- and membrane-less microbial fuel cell,”
Proc. Biochem., 39(8), 1007~1012(2004).

Logan, B. E., Hamelers, B., Rozendal, R., Schroder, U.,
Keller, J., Freguia, S., Aelterman, P. and Rabaey, K., “Micro-
bial fuel cells: methodology and technology,” Environ. Sci.
Technol., 40(17), 5181~5192(2006).

Gil, G. C,, Chang, 1. S., Kim, B. H., Kim, M., Jang, J. K.,
Park, H. S. and Kim, H. J., “Operational parameters affecting
the performance of a mediator-less microbial fuel cell,” Bio-
sens. Bioelectron., 18, 327~324(2003).

Choi, K. C., Kwon, O. O., Kim, Y. H., Park, K. H., Lee, W.
S., Lee, J. Y., Jun, S. J. and Jeong, S. K., Standard method,
4th ed, Donghwa, Seoul, pp. 253~255(2006).

Jung, K. D., Joo, O. S., Oh, J. W,, Lee, E. G., and Choi,
G. 1., “Desulfurization for simultaneous removal of hydro-
gen sulfide and sulfur dioxide,” Patent 10-2005-0116694.
Lee, J., Jin, B., Cho, S., Jung, K. and Han, S., “Advanced
wet oxidation of Fe/MgO : catalystic ozonation of humic acid
and phenol,” Theories and Appl. Chem. Eng., 8(2), 4573~
4576(2002).

Chu, L. B, Yan, S. T,, Xing, X. H., Yu, A. F,, Sun, X. L.
and Jurcik, B., “Enhanced sludge solubilization by micro-
bubbles ozonation,” Chemosphere, 72, 205~212(2008).

| Journal of KSEE | Vol.37, No.10| October, 2015



