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Abstract

In recent years, carbon dioxide (CO,) bubbles emerged as the most widely applied material with the recycling of
sequestrated storage to decrease global warming. Flotation using CO, as an alternative to air could be effective in
overcoming the high power consumption in the dissolved air flotation (DAF) process. The comparison of DAF and
DCF system indicated that, the carbon dioxide flotation (DCF) system with pressurized CO, only requires 1.5 ~2.0
atm, while the DAF system requires 3.0 ~ 6.0 atm. In a bid to understand the characteristics of particle separation, the
single collector collision (SCC) model was used and a series of simulations were conducted to compare the
differences of collision and flotation between CO, bubbles and air bubbles. In addition, laboratory experiments were
sequentially done to verify the simulation results of the SCC model. Based on the simulation results, surfactant
injection, which is known to decrease bubble size, cloud improved the collision efficiency of CO, bubbles similar to
that of air bubbles. Furthermore, the results of the flotation experiments showed similar results with the simulation of
the SCC model under anionic surfactant injection. The findings led us to conclude that CO, bubbles can be an
alternative to air bubbles and a promising material as a collector to separate particles in the water and wastewater.
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2. Materials and methods
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Table 1. Dimension of the DAF and DCF pilot plant and equipment

Compressor Saturator Reactor
Inflow air 111 ¢ /min Diameter 148 mm Length 441 mm
Outflow air 60 ¢ /min Height 430 mm Width 441 mm
80 bar (116 psi), 1,700 rpm Total volume 7.4 ¢ Height 594 mm

Total volume 115 ¢
Filter, Controller Recycling tank Recycling pump

Max pressure 9.9 kgf/em’ Recycling pot height 100 mm Capacity 40 ¢ /min
Control range 0~ 10 kgf/cm’ Head space height 94 mm Total head 12 m
Air flow rate 0~ 10 ¢ /min Effec. volume 78 ¢

Total volume 115 ¢

‘@)ﬂ?ﬂ?ﬂj (ﬁ:uter

Jar-test

Compressor

—p
(Air bomb) = %g”
foce

Analysis
S e—

=
—
Saturator Column
€0, bomb

Fig. 1. Schematic diagram of lab-scale device for flotation experiments.
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Table 2. Simulation parameters for contact zone model

Parameters Value
kp 1.38 x 102 J/K
T 293K (20°C)
. g 9.81 m/s>
Single ;
collector Pp 1003 kg/m
collision Pu 998.23 kg/m’
efficiency
dy 30, 60, 95 pm
d, 0.01 ~ 1,000 pm
v 1.007 x 10" m¥sec
apb 03, 0.6
DAF 0.5~0.9
Nr DCF 0.5~0.8
DCFS 0.5~0.9
DAF 40 ~ 100"
Particle d, (um) OCF 20~ 164"
removal -
efﬁciency DCFS 3~50.6
DAF 24~48"
@, (L/m’) DCF  0.6~3.7"
DCFS 1.5~6.17"
T 600 sec
1 0.001 kg/m - s

Note) * Dokko et al. (2004); Han et al. (2009); Leppinen (2000),
** Kwak et al. (2011), *** Yoo (2011).

3. Results and Discussion
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Fig. 2. Single-collector collision efficiency depending
on floc size.

Journal of Korean Society on Water Environment, Vol. 35, No. 1, 2019



68 Y9 - 285 - Mol - Aol -

Y82 - e - Us3

JeudEs 2EZES 4R 327 BHAA Usqa}cdx:}
2

% 939 17} AodsE FELE $4E ¢ % 4
5] [e)
=

FHE 9 4 2 % g ot gL
NEE Bgstel RARAZ £9T 45 AR g
2 U 5 92 ¥ chis $AANY BE 5 ERd
F advhe A ous

3.2 DAFS} DCFel SE&E°| Hld H7}

&4 DAF &4NA 40atmez £HHNE o &4

H 71 H¢ A4 40 um (Dokko et al., 2003; Han et al.,
2009)9} 1.8 atmollAl €38 DCFY 71E Ha FAFA 95
um (Kwak et al, 2011)E ZZ H &3l &

@

282 E‘r—«l F1g 49Jr %01 L}E‘r‘fkt} 2 292 Fig 4
et 23z & W, 7|x9 Irrt FEZ A
283 AAZ Yt & 41004 27 upg 2ol 7]
X9 43 w2 J2-JAL FEEEC] BHAERR Y]
9 FFYFol Z& DAF Z3°] DCF ZFZEY ==35
g°] T A eyt ol 39d 2HE £ F o,
DCF= ¢ A& FEu7t 878 e Zdd= &35k
DCFEgolA A= 7|29 FFUYEe Aasked @
AZb J= ol DCFY FEZ&S DAFY FEZSET
T S ALR Ho

o, 7129 BHA9B e AMEHA & &85 A7)
LAAD F e Aoz &ElA A2 (Grieves et al.,
1970; Kwak and Kim, 2015), Th Fig. 4°ll& ol AW
2/JA|(sodium dodecyl sulfate: SDS)E FHI A<
DCFS (dissolved carbon dioxide flotation added surfactant)
ol 71 B#YA 30um (Yoo, 2011)E FHE&ta 7]E-¢)

£

M
lo
rir

o g
20
o

N

]
e

=

N
o

A9 FES &S E9 AFE YeERdTh
o]¢} Zo] Fol Zﬂ G9AE FUF % 4AY F
E580] 4 olfe AHBEAI AWZEY ASE
sty 7129 tl‘—_}@" o|stA sta wAE 7]x9 =
£
w
o
[$)
w
4 \ L 1 1
1010'2 10" 10° 10° 102 10°

Floc size (um)

Fig. 3. Variation of SCC efficiency in terms of floc
size for bubble size range 10~ 100 pm.
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Fig. 4. Variation of SCC efficiency in terms of floc

size for DAF, DCF and DCFS.
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List of Symbol

np HEHE & & (Brownian diffusion)
n; 22 & (interception)

n, FA&E(gravity force)

Ny B3 E-&(inertia)

ny & E&(total scce)
T g, JK

Py % H] S, kg/m

p, QAY EZ9 H|F, kg/m’
d, 71% A%, m
d, ¥AF 229 A3, m

v BRAAE, m%sec

%7] ¥2 35 E(initial attachment efficiency)

T Az s

Uy 71ESF 2539 HJIEE, m/s

N, 71EBE, F/m’

N, EES5E, Fm’

0y SBLTYR 255 L(SCCE)

X GAgel 71z E2E flocy fraction
N,; T4 flocs=, /4

N, #8%

ZF9 flocss, /4
3 ¥%(BVC), L/m’
HaAFAIZ, s

FA9 A, kg/m - s
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