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A Pilot Study on Air Flotation Processes for Retrofitting of Conventional
Wastewater Treatment Facilities
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Abstract
The pilot study was conducted to evaluate the applicability of air flotation(AF) processes combined with biological nutrient

removal(BNR) for the retrofitting of conventional wastewater treatment facilities. The BNR system was operated in pre-
denitrification and intermittent aeration; developed ceramic membrane diffusers were installed to separate the solid-iquid of
activated sludge at the bottom of a flotation tank. Before performing a pilot scale study, the size distribution of microbubbles
generated by silica or alumina-based ceramic membrane diffusers was tested to identify the ability of solid-liquid separation.
According to the experimental results, the separation and thickening efficiency of the alumina-based ceramic membrane
diffuser was higher than the silica-based ceramic membrane diffuser. In a 100m*/d pilot plant, thickened and return sludge
concentration was measured to be higher than 15,000mg SS/L, therefore, the MLSS in the bioreactor was maintained at over
3,000mg SS/L. The effluent quality of the AF-BNR process was 4.2mg/L, 3.7mg/L, 10.6mg/L and 1.6mg/L for BODs, SS, T-N
and T-P, respectively. Lastly, it was revealed that the unit treatment cost by flotation process is lower than about Twon/m°

compared to a gravity sedimentation process.
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Fig. 1. Schematic diagram of experimental set up for bubble size
measurement.
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Fig. 2. Schematic diagram of pilot plant.

Fig. 3. Array of alumina ceramic membrane diffusers in air flotation tank.
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Table 1. Size distribution of air bubbles generated by ceramic
membrane diffusers.
Pressure | Mean Size Mean Size
(kgg/cm?) (um) ()

Siica-based | 2.0 93.15 | Alumina-based | 72.22
ceramic i) 85.83 ceramic 76.12
membrane 1.8 81.29 membrane 69.35
diffuser 1.7 62.47 diffuser 44 .84
1.6 55.30 38.11
1.5 51.79 33.24
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Silica-based ceramic membrane diffuser (X 10,000)

Fig. 4. FE-SEM analysis of two ceramic membrane diffusers.
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Fig. 5. Comparison of separation efficiencies by using two ceramic
membrane diffusers.
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Fig. 6. Solid concentration of thickened and return sludge under
various initial MLSS concentration.
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Fig. 7.Daily variation of MLSS concentration in the biomass reactor.

BODs, SS 59 #7153 A4, 219 9% =
gelsteich, = ﬂalxu 12t %. AxE AA o
S AR FAEl=), sheto] opd FH ARITHA] Hj4=
o] A U=l §4 BODs E&=7t 44ds] Wt Table
20|42} 2ol §94= BODs s&+= 23.5 ~ 72.3mg/LE
4+ 60.6mg/LolH, 95 BODs 5%+ 1.1 ~ 8.6mg/L
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Table 2. Water quality of the pilot AF-BNR process during
experimental period

Influent Concentration | Effluent Concentration| Removal Efficiency
(mg/L) (mg/L) (%)

BODs | 23.5~72.3(60.6) 1.1~8.6(3.8 84.8~97.0(93.6)

SS | 41.0~89.0(66.7) 1.2~8.4(3.4) 84.4~98.2(94.6)

T-N | 32.8~48.3(40.9) 6.1~17.3(9.7 |65.9~86.2(75.9)

T-P 2.5~7.6(5.4) 0.5~4.1(1.6) 37.9~89.8(75.2)
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Fig. 8.Nitrification study results under various intermittent aeration
period.
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Table 3. Removal efficiency of total nitrogen under various
intermittent aeration period.

Operating Condition Phase 1 Phase 2 Phase 3
(30/30min) | (60/60min) | (45/45min)
Influent T-N Conc(mg/L) 41.8 39.2 42 .8
Effluent T-N Conc(mg/L) 10.3 14.6 9.5
T-N Removal Efficiency(%) 75.0 62.6 77.8
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Table 4. Cost analysis for air flotat
sedimentation

ion process and gravity

(h9] : A 9)
Alir flotation Qrav“y . Advantages
sedimentation
1. Lands 1,560,000| 4,680,000 (+) 314
2. Total Capital costs|  5,159,000| 7,245,000 (+) 204
Civil/Architechture 1,746,000 5,240,000
Mechanics/Pipes 2,860,000 1,480,000
Electric supply 553,000 525,000
3. O&M costs 90,224 81,492 | (-) 8702/
Humans 39,000 39,000
Electric power 44 959 37,867
Chemicals 3,500 2,000
Others 2,765 2,625
4. Unit cost 3 3 3
16.88 won/m” [17.80 won/m” | (+) 0.92won/m
(sedimentation tank)
5. Thickening tank 421,525 842,168 (+) 442
Lands 325,000 650,000
Capital costs 55,891 110,900
O&M costs 40,634 81,268




WHE - EMR - OJE - HB4 MBI E OO =8
22% 33, pp. 329-336, 6¥. 2008

1

A 9 R EE-S APt dator | BX|u]= 47| P H, AF-BNR 3749] 4835 fIsf 71& 594 31984
AL 71202 sto] m'Y 1,625,000902 £ ¥} H|asto] AAYS EAR A, 37FAPTAS S A
SHA| A skeiT), ARk B - ASEAE 309, 71A - A of wlsl AldE] XH] A7l w5 AU
v 9 A7) - AEARE 242 15WS A 8skgl o, A FollA uje- AA Aol o, retroﬁttmg Alof| = ] H A
SYIZE AR ALY A A BARIE ErhE S 1/30l4} 8IS 4 qlo] 1 g4l 94t Ao B
SR 5O Telolo] £0MIES KA AnS BE W

SFGCHE R, 2001). Table 40149} 7o), F7]541k4]
o7 HAG Aol T AR, HA] 2aWA A7t 5

S A FollA SY4 A4 of Hls Aol Sgt

APEE BRI 4 qleh 53], A &2 WHA0] 1/3 L

2 A7 5 9ol 371 AAE ol FET 5= A= ALAL

AE FHe=E dddEn B, SRR Axt oF

870%Ho] o AQEE A o2 BAE|Q o) 28] oF 31 B 9= 45 Eco-STAR Project $23§7138¢1 423
o, AldH] oF 20999 o]ols ThAeH, F5dH] oF 4 2B @AW E: PWATERTECH 04-5)9] &7t
9IS A7k & ol ke AAHOIT, g, sk A ] A2lo] ofa) SakEglon] ojol ZARERY .

AP EAS TP Z retrofitting & F-$-ol%E 7}

FAHA o] glo]= Algro] 7hsdh, o] o= o] A

HAS e 2 83 4= Sl Aol O'EF FuFd
4.22 L BA% 001 FEHEA f 4= - 25 WYY ke 4 4

Sl 2| A H £ 8]-8- A
& Aollde 71E skeAR ] retrofittingS %t 2. 75 (2007) S} B

AF-BNR F¥e| A84S ddshy| S8 ¢ 100m” A2 3. American Water Works Association (1999) Water quality
S0 T3 AFE st o, F71EATA o F4l and treatment, 5th Ed. p.7.47-7.61, McGraw—Hill,

02 AEE= At WE Rl A7)l st & BTt 4. EPA (1974) Process design manual for sludge treatment
sholch et @ dEuu YRE YRR she Aleb B disposal

BRI A |1EE A2 72 EAAS AR A3 &Fa) 5. Elimelech, M., Gregory, J., Jia, X, and Williams, R. A.
U A 2E YRR sk Alete] "Eg el A2 Hot uA| (1995) Particle deposition and aggregation: measurement,
iy 7]2% AR ™ FE-SEM #9492 53l 3= 2717} modeling and simulation, 1st Ed. p. 347-360,

Fo 7S Iolstgt) EAdE Ao ey 883 H7} Butterworth—Heinemann Ltd., Oxford.
“Z A3} FUT ol A EF oLt Aleb WEg Q] A 6. Burns, S. E., Yiacoumi, S. and Tsouris, C. (1997)
2 FYsk= MLSS =0 #AI§lo] 7549 SS 528 Microbubble generation for environmental and
5mg/L °|ot2 FA] 4] 7153ttt industrial separations, Separation and Purification
A3 A2 79 MLSS 57} 3,000mg/L ©]/del| Technology, 11, pp.221-232.

A w2 9 RS A7 2 20,000, 15,000mg/L ©14 7. Choi, Y. G. and Chung, T. H. (2000) Effects of humus
A= o] S A AR Eo oF gufjol A} AR T} 7 soil on the settling and dewatering characteristics of
shlth 37)1RdHE ol 1 eEE AAE w5 9 U activated sludge, Water Science and Technology, 42(9),
S8R = AEHRE ) MLSS 552 4] 3,000mg/L ©| pp.127-134.

A e 7H5EE sck, 9 100m” #2)57H2 AF-BNR & 8. Choi, Y. G., Chung, T. H. and Yeom, L T. (2005)
A A EAAE B4 23 &9 BODs, SS k= Improvement of the thickening characteristics of
Z¥Zy 3.8, 3.4mg/Lel™, &9 TN s=+= 9.7mg/L, activated sludge by electroflotation, Journal of the
TP 5%+ 1.6mg/LE UeEyo] Wi A7 @40 & Korean Society of Water and Wastewater, 19(3), pp.295—
A7 ATk, A, EE7 |2 W 7] F7) HAS sl A 300.

SAATES FAAZ|A} FFF e, £7] 7= 458 9. Dockko, S. and Han, M. Y. (2004) Fundamental
/4580 & Tk Aol 7MY =2 AL AR ES HYot, & characteristics of bubbles and ramifications for the

335 |



Journal of Korean Society of Water and Wastewater
Vol.22. No3. pp. 329-336 June. 2008

SteAME| A2l RetrofittingS #/8t o

Tl
4
H
Ok
N
4o
0
Of
oA
e
1

flotation process, Water Science and Technology, 50(12),
pp.207-214.

10. Edzwald, J. K. (1995) Principles and applications of
dissolved air flotation, Water Science and Technology,
31(3-4), pp.1-23.

11, Han, M. Y., Park, Y. H. and Yu, T. J. (2002)
Development of new method of measuring bubble size,
Water Science and Technology: Water Supply, 2(2),
pp.77-83.

12. Krofta, M. and Wang, L. K. (1982) Potable water
treatment by dissolved air flotation and filtration,

Journal of AWWA, 74(6), pp.305-310.

13. de Nardi, I. R., Fuzi, T. P. and Del Nery, V. (2008)
Performance evaluation and operating strategies of
dissolved—air flotation system treating poultry
slaughterhouse wastewater, Resources, Conservation
and Recycling, 52, pp.533—544.

14. Park, C., Hong, S. “W., Maeng, J., Lee, S., Choi, Y. —S.
and Moon, S. =Y. (2006) Thickening characteristics of
activated sludge by air flotation process, Journal of
Korean Society of Water and Wastewater, 20(5),
pp.747-753.

15. Tavery, M. A. (1979) DAF prove—out 12—years running,
Water & Sewage Works, 126(1), pp.55.



