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Effect of protein concentration on foam separation in a seawater aquarium

Jeong-Sik Shin, Ho-Su Jeong and Kuen-Hack Suh”
Department of Chemical Engineering, Pukyong National University
(khsuh@pknu.ac.kr")

Xe
golrze] 714 FaF 75 HolB B AMT FHZ FAsoF sl ot
g AR AATIY ol Fel MAE

of #2g otshA7 (D), o= <8 o7} A e H.

Aot 3ol AR oQue AAGE wyoR AFHAAL b wHEey

(2) FAo =7} 7”/}0}L/‘1 oliell Freld i LFE, & F7l= 55 A

AAE = & BH oy} ofFol Had FEAAE TFE F o] Dozl U

A JhsAol wg- =

B Ao E FRERAE Fojszo] Axele] Fojfxule] W, ER44

42 Lo o9lE AALEE Taol, o Ru AA Bolrzel AT & A ¥
]

2

wie] gAe] o] 4g
o A7 B4 A7t

i
g

Over flow line
Storage tank
Pump

Cooler

Inlet line

By pass line
Foam separator
Outlet line
Aquarium

©ONOU AN =

s AA %O_.J%LE EoH EM FZ U= _
et o] W £z e B& Wz | i
&) 34 15405 T2 FA ). ol i
o] AL 712 115 cm, AZE 70 cm, 5

=o] 110 cm ]9}\; —,—_,_,] A geFo
350 L o|¢tl. Aled Hize] 3o
1000 L/hr ©] M_uq, Z23}5m0] GOl =

o] by pass line ¥} &o]4Z 12 xgg <~ 4 41 5
A QB AHAS 93 TLRIAAAE =

= O}Oﬂljr T3k by pass line %¢] "H  Fig. 1 The schematic diagram of a foam
E Mdx|slo] TR AR Sls separator aquarium system.
J

(o]
©
—_

BN o o N 4wl

EN

FE G52 AFaFA % (Colalife, USA)CE FEE 30 % ©HFE T AL
o, Fxo "Mld = BAUS F& Jojdda FAE rdEHES HUt
Adetdnt. @A e] w5 #42 Lowryel WHE)A Y& Fdstglon F 5
9] FX% % standard method(4)el] wig} F-FojypHoz FEA3HSIT) =

¥
1k S o
ot © 32

ofetZetel O/EH E& H10Z Hig 20045



Theories and Applications of Chem. Eng., 2004, Vol. 10, No. 1 314

(Model 2100N, Hach Co. Ltd.)& o]&3}o] =39t}
EOEgAAR ] o5t Fxue] vwld FH{A uFHE B 5o A

= 7{%
& EUEYAA Y AASES} gong 7F AR AASEE TEEYFA Y YTt
FrETY vEE 545t At
r, = Ci,a ® Qi_I/CO,a ° Qo (1)
R,[%] = C’?“g Coa o 100 (2)

A7|q —r, 9 R 72t AR AALE(g/lday T NTU/day)9t AAE, C,, 9
sx(g/L = NTUOIH @ o Q; = FAT<t
EE g o] A Fu(L)o]tt.

Fig. 2& #x W9 =7] &@9d 5% 4 2
of ME T H A A °
Aswet B AAEL debd gl FY e
SR U 27 a@uld FETF 22, Oy) S
31, 39 mg/LZ Z7}stl wel P & § e
Wy AALEEE 77 953, 1099, 3 °[ 5
12.14 g/l-day 2 T7tste Aoz v 26} 102
Ehon, d¢ dwd AAse 47 £ 2
22.9, 163, 13.2 % = gists Ao B |, %
2 YeEtgth % U9 %27 dwA = g, —@— Removal rate E
11:_7}‘ %.7}_-{5_:} 7(:)]_5'3__ o] oﬂ Iq—E]- _:]j_l?_:}%a]xo]- —O— Removal efficiency
2 Y2 Y8 sE 27 d9lEd FEE %% 22 24 25 28 30 32 34 36 8 40
%—7}6}74] %E]_ OE]E'_@.EE i%%a%} Initial protein concentration, mg/L
A W=z Fd¥s 271 99Md FE7F Fig. 2 The change of protein removal rate
S/tedrs dild A7 £X+= S7Fst and removal efficiency with respect to
A He=d(5), ol= 3l o= U9 initial protein concentration.
G AASEE F7HE zoeR dAd
Aok w2 Y 27 9id w0 Frh wet gwlE A A Eo] ghaske A
< x7] @9 d sE7F FUtetelE VI Ee FEE o e duldo]l ¢ 2
ol F7tetA ¥orE(6), 7] ©@NA Fxo uigk AAEE 9P Fxo H|7}
T Hol AdA o R = il AL WA YElyeE AoE duEn,
Fig. 3& 2z W9 %7 ¥4 ko mE % sHE g H24 559 ¥
¢ sHHe 2% AAE £xE5 ved adolt. 2] @Wld sert Sl o
SHEH = Aagdloy, 8 AN See FUtste Ao E UERT webA w504
I8 AN SR AR A AFgS HeE AE E 5 AT ofAHFH wS5uef x
4 G SRV AR Y AEES He olfrv 29 YA WA 7]z F3F
HA 2] FEHE AATE Hed, o] wW 2Ee 7 AWl A wFo] "k 1Y
U xd A S wE A 7]l Ade A wFo] dojubr] ofEf-BE o2 <l
3l sEH = WolAA " 3 27| @uld Fro] Frbe] uel X A £t
S7keke= olfrv e 71 AW FRE AW ELe] o8 7] T oAM= 1
e 7F AoA A i FAEHE HAOZ(7) 7] dEe] FE7} wmolAfE 7). A

o
5
Oy
5
L
2
y

N
Olo
Ok
=
S
My
=
|'0|I
S
N
i



Theories and Applications of Chem. Eng., 2004, Vol. 10, No. 1 315

35 25

L
=
i
Lo
o]
0,
o
of\
N
)
ol
ol
W, @

30

N
(3]

—&— Foam generation rate |

N
o
T

—@— Enrichment ratio

< 3Lt

%W@ﬁé

B AASEe Hd AAES o
Aot aFelM He 3w ol
e z7] d@wd sx7F 22, 31,
mg/L = F7hstel wet THFA8 18 E
o] #it AA&HE=E 27.2, 339, 40.8
g/l-day 2 F7Fellon, A AAES N R
26.2, 24.3, 19.2 % % FAst= A= 20 22 24 2 28 30 32 34 36 38 40
Uelgtl, B oo Aw ofo]H st Initial protein concentration, mg/L

Fol gt xHEe A5 33 Suh  Fig. 3 The change of enrichment ratio
et al. (89 A+ A¥HY FTH-FA 1L  and foam generation rate with respect to
FEY AALZES AAE] tha WA initial protein concentration.

tsgk=d], o]%& Suh et al. (8)9] Aol

Enrichment ratio
- -
o [3,]

o
o
Foam generation rate, L/hr

(3]
T

ARk 27 dud s werr w ®
el Ao wedd FRa4 wd 2
125 R
2o AA HE9 AALLS G [ s S
- [¢]
27 0} xﬂﬂ%ﬂr Aol Wxs A%e 4 T
glglo, 34 13w dw A g% £
A &5el JF AAGFS dwAde] JF 5 g
AAEEY Bt AARRCHE 2o A Eaf :
o7 Uedt wely IoRagxe 8 ve
ofs] wuWlART= FHEFAH 1P E] E"" ~@- Removal rat 5'0‘2)
emoval rate
= 31L& A o o}
tﬂ _S_JJ'Z o= 317%% E]—,_ ;—la < T —6— Removal efficiency
}% A ‘:]_ 020 2I2 2I4 2I6 ZIS 3IO 3IZ 3I4 3IG 3IB 400
Fig. 5= 2 W =7] @94 5% Initial protein concentration, mg/L

d I

e e dAe] 2R g 111745:—
w9 HHF AASES JepW 1o}, 2= Fig. 4 The change of TSS removal rate
Z Y 7] g@ma xry} 22 31, 39 and removal efficiency with respect to
mg/lL. 2 Z7}8o w}g} el-o] 33t x4 initial protein concentration.
71,\55 1175, 1847, 2060 NTU/day

2 SUFelow, e Wt AAES 24.6, 21.8, 204 %= HAde Aow UEn
th o= sfipell Wi 2RI A7 E FAE Kim (5)9 ?i?%ﬂ*ﬂ Hup vjaA whe 5
A% Kim (5)9 AFART 27 wad SE W97t W] el Aow wrksc

2 ATl A= o] Qo Fxo 27| Wi sk WE pHY &% WIE SA
Sed, 27 9d Fro wE X Ue H pH & 8.3 xR A9 W) §ldle
o, &2 U 25 Hi 15,1 TE A9 A A= A= YErth
Ze
Fz2 W 27 @A Fwr) 22, 31, 39 mg/LE F7Fstel wel B 9wl A A
2= 7k7F 953, 10.99, 12.14 g/L-day & 718t Aoz yeygton, i ok
A AAEL 7+7 229, 15.3, 13.2 % = 7H2dtE Ao = Yebgrh T3 27 g
4 FL7F 7 me w58 gagoy, 2 A4 SEe FUMsteE o=

o
&
Oy
5
I
N
r

N
Ol
O

/ A10Z M1 20045



Theories and Applications of Chem. Eng., 2004, Vol. 10, No. 1 316

L} EF ST 2500 30
O/H —rﬁﬂ%,] ﬂ# ;q]ﬂ_'v,“‘; 2

33 9, 40.8 g/l-day & Z7}st9low, 3

go] B AN Hre} B AL
WA B ARG A AT B

27 @nd Est S7hel wek 35

N
o

QN

N
(=3
(=3
o

N
o

o AAEL 26.2, 24.3, 19.2 % =
Aok A= UrE} Xtk SHTA L3
9 o

1500 |

1000 |-

Turbidity removal rate, NTU/day
> o
Turbidity removal efficiency, %

= onA vesy. g wurega 5|
of 93 "dwARTIE =EGA 138 E o —@— Removal rate 5
E_’I B.“/]’X—_l] o7 Xﬂ 7{3 ‘:]"E‘ 7)_1% oE]_ _{’\_ —O— Removal efficiency
QAT Bxo A EAHL vz F *2 22I 24 |26 t28 30 3¥ t34 36"-38 0
N nitial protein concentration, mg
R 51?%‘%4 AAE 2 wdh Ao
= e Fig. 5 The change of turbidity removal

rate and removal efficiency with respect
to initial protein concentration.

References
1. Miller, G.E. and G.S. Libey. 1984. Evaluation of a trickling biofilter in a

recirculating aquculture system containing channel catfish. Aqua. Eng., 3,
39-57.

. Timons, M.B. and S. Chen. 1995. Mathematical model of a foam fractionator
used in aquaculture, J. World Aquacul. Soc. 26(3), 225-233.

Lowry, O.H., N.J. Rosebrough, A.L. Farr and R.J. Randall. 1951. Protein
measurement with the Folin phenol reagent, J. Biol. Chem. 193, 265-275.

. APHA, AWWA and WPCF. 1992. Standard Method for the Examination of
Water and Wasterwater. 16th ed., American Public Health Association Inc.,
New York, pp. 132-133.

. Kim, B.J. 2002. The Foam Separation Process for the Removal of Contaminant
in Seawater. Ph.D. Thesis, Pukyong National University, Busan, Korea., pp.
147. (in Korean)

. Uraizee, F. and G. Narsimhan, 1996. Effects of kinetics of adsorption and
coalescence on continuous foam concentration of protein : comparison of
experimental results with model predictions, Biotech. Bioeng., 51(4), 384-398.

. Cho, D. and H. N. Chang. 1998. Separation of oil contaminants by surfactant
aided foam fractionation, Kor. J. Chem. Eng., 15(4), 445-448.

. Suh, K.H., B.J. Kim, S.H. Bong, J.H. Lim, Y.H. Kim and Sung-Koo Kim. 2000.
The removal of aquacultural wastes by foam separator from sea water — L.
The effect of initial protein concentration, Hwahak Konghak 38(5), 745-752.
(in Korean)

o}slZslol O/Ed E& A10Z A1z 20048



