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in Freshwater and Seawater
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Department of Chemical Engineering, Graduate School

Pukyong National University

Abstract

The water in aquarium is contaminated by waste produced by fish.
The biological contaminants such as protein, suspended solids,
dissolved organic matter and ammonia were a major cause of
contamination in aquarium. The biological contaminants can be
removed by foam separation process. Stable foam generation is
important for an effective foam separation process.

In this study, the characteristics of foam generation in freshwater
and seawater were assessed by using a foam generator. We also
studied the removal efficiencies of suspended solids and turbidity
in freshwater and seawater by using a batch foam separator.

Both in freshwater and in seawater, the height of the foam layer
increased with increasing initial protein concentrations. The
maximum height of the foam layer in freshwater and seawater were
65 cm and 86.3 cm, respectively. The height of the foam layer in
seawater was higher than the height of the foam layer in freshwater

at the similar protein concentration.



The height of the foam layer increased with decreasing the pore
size of the air distributor. And the optimum superficial air
velocities (SAV) in freshwater and seawater were 0.84 cm/sec and
0.6 cm/sec, respectively.

The height of the foam layer was the highest at pH 3 in
freshwater and in the region of pH 5-7 in seawater. The height of
the foam layer increased with increasing NaHCOj; concentration in
freshwater, however, NaHCQO; concentration had little effect in
seawater,

Removal efficiencies of total suspended solid (TSS) and turbidity
decreased with increasing initial protein concentrations in a batch

foam separator both in freshwater and in seawater.
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Fig. 1. The activity characteristics of surface active materials
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Fig. 3. The adsorption of ionic material and suspended solids at
the bubble interface.



Al

Aol A

E

=

R s

o dmuYetz A&7 o]

ol el 2AE

BEHH odE AA 3

T

°
T

Hl, ©]

-

ot o 2dd o

=) &}
of els) rmuclz wAA Heh

3}

=
T

3l oF

O

5} gol of o o

o yejz

%3] A A

=

=]
[e)

=

HA & & e

T ]
S o

7}

il

=9

ohE X

ok

B7bshA

4e

Tor

i

I+
n
B

=

€]

3lg o™, Chen

e

stof olo e A7z} ¥

[S]el olsf =

A S ALAIE ATy A=Y

, &= W

[}

t}. Suzuki
3 o N ENHoT AAY 4 Aok B

2k
pxs

o

1=1%
=

=
&)

[18], Kim

=S
[=]

3w F<TolloF Suh

=
=

o Aol 7

h=13
=
o] o= Hw A4Y

EH
o

%o
o

CERIEE RIS
o Aelg

A
T

EE R

7t

T
£

&k

7¥?

-

T

FgAdel 9

wul
Py

oz ]

o}

YA
S BEa-— 3

=1
ES

oM T 44

ol

AL
A =2

Avgd=4d %=, pH

L

[ s P B e A

[}
vAE Qlae

ish

=
&

o
=



B AP gt g FolA 23 A FFE vR= AR A

7]

ofr
o

NP BA(TND) ST,

ol

A8 71eAr), s &7

S

i,
!
=3
ol)l'
o o
o,
il
i\
ol
ofr
o
s

S ga 2xd i, 22 A4 & W AA
=4 Ao oggel dia] dotra o]E EWE g} dfgolMe 2T A
4 5Ad dig] AEsgoh 283 384 2T F8 FAE ol&ste @
o} oMo & FHE4 (Total suspended solids, TSS)3} o] A|A 5

ol ko] A3k



Ammonia

L o one —

Organic solids

Faeces Uneaten feeds

Elution

Protein
O, = | Biodegradation

Ammonia, CO,

Fig. 4. Wastes generation by fish in aquaculture
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Fig. 5. The experimental apparatus for a batch foam generation.
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Fig. 6. The experimental apparatus for a batch foam
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(a) Wet foam (b) Dry foam

Fig. 7. The comparison of wet foam and dry foam.
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Fig. 8. The foam generation in a batch foam generator.
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The Effective Factors of a Foam Generation Using
Foam Condensate

Kuen-Hack SUH*, Jeong-Sik SHIN and Ju-Hwa LEE
Department of Chemical Engineering, Pukyong National University, Busan 608-739, Korea

We performed the experiment to determine the effective factors, such as the initial concentration of protein,
pore size of air distributor, SAV (superficial air velocity), pH, salts and temperature related to foaming
characteristics. The foam height in a foam generator was increased with the increase of the initial protein
concentration and the decrease of pore size. As SAV was increased, the foam height was increased, and
the optimum SAV was 0.84 cm/sec. The foam height was highest in the acid region and it was increased
with the increase of salt concentration of NaCl and NaHCOs. The removal efficiencies of TSS (total suspended
solid) and turbidity decreased with the increase of the initial protein concentration in the batch foam separator.

Key words: Foam generator, Foam separator, Protein, Suspended solid
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Effect of Protein Concentration on Foam Separation
in a Seawater Aquarium

Kuen-Hack ' Sun*, Jeong-Sik SHIN, Chang:-Kuen LEE, Seok-Hee LEE,
Jae-Kee CHEON and Jae-Yoon JO'
Division of Chemical Engineering, Pukyong National University, Busan 608-739, Korea
Department of Aquaculture, Pukyong National University, Busan 608-737. Korea

Effect of initial protein concentration on the protein removal rate was assessed for seawater aquarium using
a foam separator. Protein removal rate was increased and removal efficiency was decreased with the increase
of initial protein concentration. Enrichment ratio was decreased and foam generation rate was increased
with the increase of initial protein concentration. Total suspended solids (TSS) removal rate was increased
with the increase of initial protein concentration, and TSS removal efficiency was decreased with the increase
of initial protein concentration. Turbidity removal rate and removal efficiency were increased with the

increase of initial protein concentration.

Key words: Foam separation, Aquarium, Protein, Seawater
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Effect of Hydraulic Residence Time on the Removal of Wastes
in a Seawater Aquarium using a Foam Separator

Byong-Jin KiM, Jeong-Sik SHIN', Ho-Su JEONG', In-Geol NA',
Min-Su LEg' and Kuen-Hack SuH'*
Busan Bio Industry Support Center (BISC), Busan 608-739, Korea
'Division of Applied Chemical Engineering, Pukyong National University, Busan 608-739, Korea

The effect of the hydraulic residence time (HRT) for the removal of aquarium waste, such as protein,
total suspended solids (TSS) and turbidity were investigated by using a foam separator. Protein, TSS and
turbidity removal efficiencies were increased with the increase of hydraulic residence time. The optimum
hydraulic residence time was 0.5 min, and the highest protein and TSS removal rates were 14.4 g/L-day
and 38.9 g/L-day, respectively. The tendency of turbidity removal rate and efficiency was similar to that

of protein.

Key words: Foam separation, Aquarium, Hydraulic residence time
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Characteristics of Foam Generation in Freshwater
and Seawater

Jeong-Sik SHIN, Byong-Jin KiM' and Kuen-Hack SUH*
Division of Chemical Engineering, Pukyong National University, Busan 608-739, Korea
'Busan Bio Industry Support Center (BISC), Busan 608-737, Korea

The characteristics of foam generation were assessed for freshwater and seawater using a foam generator.
Both in freshwater and seawater, the height of the foam layer increased with initial protein concentrations.
The height of the foam layer also increased with pore size of the air distributor. The optimum superficial
air velocities (SAV) in freshwater and seawater were 0.84 cm/sec and 0.6 cm/sec, respectively. The height
of the foam layer was the highest in pH 3 in freshwater and in the region of pH 5-7 in seawater. The
height of the foam layer increased with NaHCO; concentration in freshwater, and NaHCO; concentration
had little effect in seawater. Removal efficiencies of total suspended solid (TSS) and turbidity decreased
with an increase of initial protein concentrations in a batch foam separator both in freshwater and seawater.
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Suh and Lee 1995).
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AEislME 2 Aol ¢1 Xldo} BRAYFER oj2E
kel 93 Aot} (Brown et al., 1999).
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Saleh and Hossain, 2001; Suh et al., 2001).
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