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The Foam Separation Process for the Removal

of Contaminant in Seawater

Byong—Jin, Kim

Department of Chemical Engineering, Graduate Schoo!
Pukyong National University

Abstract

Experimental investigations on the removal of contaminant, such as
protein, total suspended solids (TSS), soluble chemical oxygen
demand (SCOD), turbidity and total ammonia nitrogen (TAN) from sea
water were carried out by using foam separator.

To select the suitable foam separator type, the comparison of the
three types of foam separator: counter current air driven type foam

separator (CCADFS), high speed aeration type foam separator

(HSAFS) and venturi type foam separator (VFS) has been carried out.

The removal rate and the removal efficiency of the foam separator
have been studied according to the change of the initial concentrations
of protein, hydraulic residence time (HRT), superficial air velocity
(SAV) and air distributor hole size. In addition, the aeration capability
of the foam separator was also investigated by increasing dissolved

oxygen concentration.

- xiii -



1. Comparison of foam separator type

Experimental investigations on the removal of protein, total
suspended solids and turbidity from aquacultural water were carried
out by using three types of foam separator: counter current air driven
type foam separator, high speed aeration type foam separator and
venturi type foam separator. The decrease of flowrate for CCADFS,
HSAFS and VFS were 0.4, 66.1, 77.2%, respectively. the Protein
removal rates of three types of foam separator were decreased vs.rifh the
increased hydraulic residence time. Below the 0.32 minute and 0.21
minute of hydraulic residence times, the protein removal rate of
HSAFS and VFS was higher than CCADFS, respectively. the
Protein removal rate of VFS was lower than HSAFS at any HRT.
As the increase of the HRT, the protein removal efficiency of
CCADFS was increased, but those of HSAFS and VFS were
decreased on the contrary. The changes of removal rates and
efficiencies of total suspended solid and turbidity were similar to

proteins.

2. Effect of initial protein concentration

The level of initial protein concentrations tested were selected 12.1,
23.7, 38.0, 49.3 and 62.4 g/m>. The experimental results of foam
separator using sea water indicated that the removal efficiency of

protein decreased according to the increase of the initial protein
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concentration. The protein removal rate followed the Langmuir
isotherm. The increase of the initial protein concentration resulted in
the increase of the removal rate of TSS, SCOD, turbidity and TAN.
The removal efficiencies of TSS, turbidity and SCOD were decreased
with increase of the initial protein concentration, but TAN showed

opposite trend.

3. Effect of hydraulic residence time

The level of hydraulic residence time tested were selected as 0.3,
0.5, 0.8, 1.4, 3.5 and 8.8 min. The increase of the in hydraulic
residence time resulted in increase of the removal efficiencies of
aquacultural waste. Optimum hydraulic residence time was found to be
0.48 min and the highest protein removal rate was 10.25 g/m’ - min.
The changes of removal rates and efficiencies of TSS, SCOD and

turbidity exhibited similar trends to those of proteins.

4. Effect of superficial air velocity

The level of the superficial air wvelocity tested were selected as
0.4, 0.9, 1.3, 1.7 and 2.1 cm/sec. The increase of SAV, resulted in
the increase of protein removal rate and removal efficiency, but
resulted in the decrease of protein enrichment ratio. The changes of
removal rates and efficiencies of TSS, SCOD and turbidity exhibited

similar trends to those of proteins.
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5. Effect of air distributor hole size

Four air distributor: one of commercial air stone and three of
sintered glass disc (G1, G2 and G4) were used to test the effect of air
distribute hole size. The range of pore size of Gl, G2 and G3 were
from 90 to 150 m, from 40 to 90 and from3 to 15 upm, but pore size of
commercial air stone was unknown. As increasing the pore size of air
distributor, the removal rates and removal efficiency of protein was
decreased. The removal rate with commercial air stone was in the
range between the removal rate with G2 and G4 sintered glass disc.
Within the range of pore size distributor from Gl to G4, the removal
efficiencies of protein covered the range from 21 to 42% . The changes
of removal rates and efficiencies of TSS, SCOD and turbidity showed

similar trends to those of proteins.

6. Oxygen transfer efficiency

Dissolved oxygen transfer effect of foam separator was investigated in
the sea water. Dissolved oxygen were measured under various range
of initial protein concentration, HRT, SAV and with different air
distributor pore size. The overall oxygen mass transfer coefficient and
the saturation efficiency of dissolved oxygen were calculated from the
experiment at data. Dissolved oxygen saturation level of the effluent
from the foam separator was higher than 96.0%. These facts indicates

that the foam separator can be a supplementary equipment of aeration.
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Operation of Three Types Foam Separator
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Evaluation of Optimum Operation Factor for
Removal of Contaminant in Seawater

Fig. 1. Flowchart of this research.




an

=N

B

FEA4e)

l

dAFga xEEe Fxe 7Ed ATHAR FF TV

)
=

B

oF
il

_Z._,O

!

W3tE

o] AAEES AALE]

W 2dEe] AAN 7HE

gl

7 e

o 2

tel A sieE ©] &3

3

371 9

%3

71e] & FALAE =

SRS

o
)A
wir

rarrle e Wl LdE AA

k=1
—

7 gAY Astel o}

ol

il

AAg B AALES AAL sl

¥o] Waxe uE3HY.

L =]
L

dgom 4%

AN
x2 && 33t

ety i

3

ten

[

a8 T diEiM AL

A A
=

g zAs g

o] AA%E AALe Ws

<

K

|
ok

i

ol

op

B

)

nel

N

oy
W
Jo
I'n
f0

4



21. ¥4 B
¥ 22 ¥(foam separation method)& &HdZF9] gt ko &&

48 gz Bste 71E Fo stubolnt. ¥ e

AW 24 Z2Ao] 7]—d AH(gas—liquid interface)ol &F&EH= AL
#2=7) (hydrophilic side chain)® 4% 7|(hydrophobic side chain)& &Al
o FtH AW BF 2Ho] TEH Y &4 e vizE TAANE A
92 Fig. 2—@9% 2ol z7lde 257171 714 £& st olFstttrt
Azro] Azke] wel 7l—d Awe] ygts widHa, RA(bulk)el F
w7t E74ge] wet 71— AR FA=HE £49 A5 HH W T
sbate}, HE AeloAE Fig. 2—(b)sh 2ol 1 AWo] ¢ E3Eo &
A dsrol oz Aol o3 zielvHll, 19].

-3



Gas—Liquid
Surface |

N T
Ejd@a@g% sk oy

Initially Equilbrium
(a) (b)

Fig. 2. Surface and bulk phase equilibrium[11].
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Fig. 3. Cross section of a liquid capillary in foam[11].
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Fig. 4. Photograph of wet foam and dry foam.
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Fig. 5. Bubble, particle and surfactant interactions during

bubble separation[13].
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3.1, xuEe ZA 9 v

31.1. &7 E7l+54 ¥2ddr]

B AT 2g3 &7 FrIFEA 2Ry e Fig, 74 2=
nio} e FEj 2 separation column® foam riser tube® YAF o= W
72 10 cm ¥°] 50 cm9] oA Y Ho|ZE ApEste] A AEen AA &
e 3L Ao,

Collection cup2 W7 10 cm, ¥°] 10 cm9] o3 ¥ sjo|Zo] WA 2

i

il
cme Ad#E E3 o] FYIEE AFsdn FdEH FEH2 1
inch PVC pipeE Al&3gth. 7122 A IE F7187]€ AAo] 3
cm<l air stoneS Alg£3E g o Z7]E air pumpE ol €39 5 L/ming

$Foz FYAAT.

2

B 7oA AAE3 n&E7A xR r]E Fig, 83 2L FH=E ¥
NFEA ¥RV F9% 7R AFAEFAY. AAY FAHX FA
o Z7]12 3% 4 v TUEFY7] A ejectors HAGFALH ¥

A¥ F7Ih FolALrt T R SEAA UH & 5 JA=F WA 2

_18_



Front View Side View

1. Separation Column 2. Foam Riser Tube
3. Collection Cup 4. Water Outlet

5. Air Distributor 6. Air Inlet

7. Foam Outlet 8. Water Inlet

Fig. 7. Schematic diagram of counter current type foam

separator.
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Front View

1. Separation Column
3. Collection Cup

5. Water Inlet
1.

Draft Tube
9. Water Outlet

Side View

2. Foam Riser Tube
4. Ejector

6. Air Inlet

8. Baffle

10. Foam Outlet

Fig. 8. Schematic diagram of high speed aeration type

foam separator.
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Front View Side View

1. Separation Column . Foam Riser Tube

2

3. Collection Cup 4. Water Outlet
6. Water Inlet
8. Air Inlet

5. Foam Outlet

7. Venturi

Fig. 9. Schematic diagram of venturi type foam separator.
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1. Foam Separator 2. Water Outlet
3. Foam Outlet 4. Water Inlet
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7. Centrifugal Pump 8. Submerged Pump
9. Feeding Tank 10. Storage Tank

Fig.

10. Schematic diagram of experimental unit.
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12
[\
1. Separation Column 8. Foam Outlet
2. Foam Riser 9. Feeding Tank
3. Foam Collector 10. Mechanical Stirrer
4. Air Distributor 11. Peristaltic Pump
5. Liquid Inlet 12. Air Pump
6. Air Inlet 13. Rotameter
7. Bulk Outlet

Fig. 11. Schematic diagram for the biological contaminant removal

from sea water by using foam separator.
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Table 1. Water quality of feeding sea water in hydraulic
residence time change experiment

Component Concentration

Salinity 30.00 %o
Protein 16.18 g/m’
Total Suspended Solid 35.00 g/m’
Turbidity 17.86 NTU
Soluble Chemical Oxygen Demand 15.35 g/m’
Total Ammonia Nitrogen 0.41 g/m’
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Table 2. Water quality of feeding sea water in superficial air

velocity and air distributor

pore size change

experiments

Component Concentration

Salinity 30.00 %
Protein 27.61 g/m’
Total Suspended Solid 57.33 g/m’
Turbidity 26.87 NTU
Soluble Chemical Oxygen Demand 18.08 g/m’
Total Ammonia Nitrogen 0.72 g/m’
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Fig. 12. Flowrate of three types of foam separator.
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Protein removal rate, g/m®. min
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Fig. 13. Protein removal rate with respect to hydraulic residence

time.
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Fig. 14. Protein removal efficiency with respect to hydraulic

residence time.
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Fig. 15. TSS removal rate with respect to hydraulic residence time.
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Table 4. The regression result for the determination of kinetic

parameter
o Parameter Half constant, g/m’ Ni:gn;nmge.n:r?;al
Lineweaver-Burk plot 17.154 11.039
Eadie-Hofstee plot 15.955 10.685
Hanse-Woolf plot 13.700 10.078
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Fig. 44. TAN removal rate and removal efficiency with respect to
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Fig. 46. Overall oxygen mass transfer coefficient and saturation

efficiency with respect to hydraulic residence time.
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