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Abstract

Effect of the liquid circulation velocity on the biofilm development was investigated in
an inverse fluidized bed biofilm reactor(IFBBR). To observe the effect of the influent COD
concentration on biofilm simultaneously, the influent COD value was adjusted to 1000mg/ ¢
for st reactor, and 2500mg/£ for 2nd reactor. The liquid circulation velocity was adjusted
by controlling the initial liquid height.

As the liquid circulation velocity was decreased, the settling amount of biomass was
increased and the amount of effluent biomass was decreased. Since the friction of liquid
was decreased by the decrease of liquid circulation velocity, the biofilm thickness was
increased and the biofilm dry density was decreased. In the Ist reactor, the SCOD removal
efficiency was constant regardless of the variation of the liquid circulation velocity, but it
was increased by the decrease of the liquid circulation velocity because of more biomass
population in 2nd reactor.

Key Words : inverse fluidized bed bioflm reactor, IFBBR, liquid circulation velocity, initial
liquid height, biofilm, shear stress
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Table 1. The Composition of the Synthetic Wastewater

(Based on CODcr = 2500mg/L)

Component Concentration (g/L)
Peptone 6
Na;HPO4 1
Glucose 4
KCl1 0.14
Urea 1
CaClz 0.14
NaCl 03
MgSO04 0.1
L
2.2 Media
% FF5F AEY WMgIA AEHE media
t ERU 73 AEde] A ¥yH¥E £ Jde
FdE 7tAok dnz2, ¥ Aoy styrofoam
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Fig. 1. Schematic diagram of an IFBBR.
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Table 2. Specifications of operation, reactor and media

Reactor number

R1 R2
Reactor volume ( £) 5 5
Annular tube height (cm) 100 100
Annular tube diameter (cm) 8 8
Draft tube height (cm) 90 0
Draft tube diameter (cm) 46 3
Temperature (TC) 22 22
Styrofoam density (g/cm°) 0.13 0.13
Styrofoam diameter (tm) 903 903
Influent COD concentration {mg/£) 1000 2500
HRT (h) 5 5
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Table 3. The variance of the liquid circulation velocity on the initial liquid height

R1-1 RI1-2 R1-3 Rl1-4 R2-1 R2-2 R2-3 R2-4

Air flow rate (L/min) 6 6 6 6 4 4 4 4

Initial liquid height (cm) 82 79 77 75 80 78 76 74
Liquid circulation velocity (cm/sec) 7.4 6.7 6.2 5.7 583 5.33 4.83 4.33
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Fig. 2(a). The variance of COD concentration on time
in Rl reactor.

-
= 60 T T T T T T
1%
Ry
5 & 5.5 !
= E ’
=)
il 5.0 |- 4
35
53
S g 45k p
o 8
3 &
g 40 1 1 ! ' Il 1
o 10 20 30 40 50 60 70
4000 T T T T T T
e , o : Influent, Efffluent TCOD
s , o : Influent, Effluent SCOD
3000 -

Yl

Il 1 fl
20 30 40 50 60 70
Time (day)

COD concentration (mg/L)

i

Fig. 2(b) The variance of COD concentration on time
in R2 reactor.

..52_



o F55 A #3704 dAcHEEI YER A e o

g&Exo] Wst

A
=

a8y §&5HE TCODE dAA¢
of wel 43% AolE: vehuded, dAes
7 74cm/sec®t 6.7cm/secE Bl wE afol
dAedEEe AFEHoR Qe AEY
o 2HE biomass7t Bol #aAde {EFF Fol
TP, FE549 TCODZ Ehou, A

P

A

BE5E 62cm/secd 5Tcm/secE HEUL o
o, AreHo 74 biomasse Babel 7+
&to] 549 TCODE #adt

FdHE FAHS5Y COD ¥5F 2500mg/ £,
%S 44 /mine® YASA 43 R2(Fig.
20+ R1F w7t g AAeHEEE 7
axzel wel fZ5 % biomass® Fo] FolE
o] #&5E TCOD:E 7A3d 3, SCODY A%
v dAcHEEE EFo Fo met w37 Yo

biomass ¥ =7} F7Fsta f71& Z%E]E F7tat
o AFETEE 433cm/secoll M F+E 5= SCOD
< HA23 80mg/ L 2 JeEhydth

el dACHEEY Wl WE AE
ot LAl AEY AzxUre] WIHE Fig 39 u
Ehdeh, dAeRsss Aol mel bio-
particled] FolXj= AG$Ho) gidto A
o FAE Fstd, *3%44 —‘:r”ﬂﬂ F7 el
ue} g Az
= if“iﬁTﬂ %%35]

ol 4 °-‘1%11

A

isﬂ R2
uLo]
H] 7} ’0‘7}
gt ol nFEEe f7|Eol FY€el =t
A E 9 tjAlEE o] WEHY] WiEe] B v
AEo] T8 o AZHA
Fig. 4& dA¢8&x ] ¥glo we} bioparticle
% FFEIY BAE RIF R20A v
Do N AXFEFET Fa
A7} Z7}8te (Fig. 3) bioparticle
o] AAo] F718t1, bioparticle?l Aol Z7}H
of #Aastd . COD 2500mg/2
of FgA4HF7 felsEE W] R29 2 FEE
COD 1000mg/ ¢ ¢l R1ET A L]’E}/&Eﬁ],
F718e FHoR A%t BT FA9
7l AL R AlgE U
R1# R2ojA AL we] Bl w2

3

580

60

Biofilm thickness (um)

120 ¢

100

200 F

150

'R2

8

= 0.06

5

Fig. 3. Effect of the liquid circulation velocity on the
biofilm thickness( O W ) and the biofilm dry

L
]

L
7 8

0.08

50 . .
40 45 50

Liquid circulation velocily in annulus {cm/sec)

density( O 0O ).

0.85 1400

n
£5 €D

1300

1250

1200

Rioparlicle diameler (stm)

LGRS

1300 b

1200

1100

R2

4 0.54

1050
S

Fig. 4. Effect of the liquid circulation velocity on the
bioparticle diameter( @ W)

[

L
7

0.70 1000
8

0.08

Biofilm dry density (g/cmn)

0.90

o
@
@
)

Bed porosily in annulus (-

o
™
~

0.80

4.0 45 50 55 6.0

Liquid circulation velocity in annulus (cm/sec)

porosity in annulus( O O ).

rwrzmi{t
o &
mg‘“*l»uow

%ﬂ 32 P 0¥ ooff Jo

4 e

v53_

wu 1o

and the bed

biomass ¥ %% ¥H&7] W2l biomass
Fig. 5o Uetuigich. A& s
o wet Yate] FoAAE NGEHe 7
ol gtel &

+ biomass TET H4

<d Hla, 9g 7] W2 biomass T AE
Aol F7t=2 QEte] HPAHQ) S8 Heoh
Fig. 62 ®¥H&-7]Wl biomass
Abae] WEE
2, Ax s

29 W g2
AAeBE L W] wet vl
=2 2ol we wrg

ol

J?-



Elfluent biomass coneentration (img/l.)

s A 57 AR
71 biomass FE¥ 7}t n(Fig. 5) &4 10000
At Zasgo wer] W £&2AL A=

AA WAEY o vt FIALAAGAHSE, 5000

Ko 22 gdd ¢ Qg
d FE5ZNAH %271 FUE draft tube ©|3E

230l FoEHA AAsHEE=E WA F 9
i, o] W] FEMLAGAF, K 79 A4
@&z #AQel LASA YebdthKim et

al, 1994). 2822 Fig. 6914
o] g FEALVE ZAT AL AAcHS
T 2o WE FZALAGAS, Kao ¥
2}7] BohE biomasse F7bell ©E AbasM
9] ZF7tell 7143 Ao AYH ATt

715 %) 6£/min¢l RIoNA £&E249 WY
£ 73mg/f-64mg/L & JET F7)HFFo]
48 /min?! R29 M+ 5mg/ L -2.6mg/L 2 Rl ¥
& wA Jelgeoy, 283 3714 AHE A%

A2 =341 9

AR & Qe SENLEEE FASAE
Fig. 7& A48 Fr9 Wate] me 489 2
xoEs 429 Az WHE e 13

o2H, AET FAZ FIHg o= 4G A
Z22Ae F7hsigedy, AER dAxFAY FUt
of va) WY FA 77 AA JEEOEN
AEe AxYEE 7AYo

8000

70C0

6000

Biomass concentration in reactor (mg/L)

5000

A7) E5T

. . 7.3 12000 T - 6
Y R1 R2
| |
10000 5
47.0
8000 | /D 44
|
465 \
6000 | 13
]
N = AN
| |
. - 5.0 4000 . : : 2
6 7 8 40 45 50 55 6.0

Liquid circulation velocity in annulus (em/sec)

Fig. 6. Effect of the liquid circulation velocity on the

biomass concentration{ @ W

)

and the

dissolved oxygen concentration( O [ ).

c.0o8

o
o
~

(o]
o
(el

3
Biofilm dry density (g/cm )

0.05 .
100 120 140 160 1EO

0.70 0.08 T T 1.4
R2
B 1,
pos. M 2
4085 \ 1.0
0.07
0
408
< 0.60 0.06 |-
+406
0.05
[ | | - 0.4
4 0.55 / \
004+ [ . 102
®
L 0.50 0.03 L L 4 0.0
50 100 150 200 250

500 T T 10000 800 . T 12000
.Rl R2
- S
450 2000 BOD Q N E
+ 10000 4
O]
8
400 8000 700 -
48000 £
=
250 47000 600 £
D =
1]
4
46000 8
300 °® 6000 500 A D\ "
v &
@ Y4 _ E
- O 2
[~]
28g - - 5000 400 . - : 4000
5 3 7 20 45 £0 55 €0

Liquid circulstion velocity in annulus (cm/sec)

Fig. 5. Effect of the liquid circulation velocity on the
effluent biomass concentration( @ M ) and the
biomass concentration in the reactor( O 0O ).

Biofilm thickness (um)

Fig. 7. Effect of the biofilm thickness on the biofilm dry
density( @ M ) and the biofilm dry weight
(O O

Fan et al(1987)2 #HE AHE A3 34 %
% Wg7ldA, A2 FAZ 2/um o) el A=
AEu FAE F7hde] wet g AxFAN
Z7tgel e BFetn AEY AxUEs A¥HS
2 729z nustges, Kim¥ Song(1993)
2 4 f5F AL g styrofoam A
AETE HANA {715 sl et A
ato gAgE nHsgdEd, 60ume] AE

l [=] =2
A o] el Axd=rt 4384 =

on g 12

4t o 2

e Ee

Dissolved oxygen concentralion {mg/L)

Biofilm dry weight (g/g)



9 f5F AED HEIleA dAcHEET I vAe 9F 55

Q) 3]

e
[

7R, 1 ol Fole A2 AxTUES
ZAE B4ty ¢Ed = Yot

wey] R2oME L 59 V8 FFo=
Aste) ABY ARTAL 02-12g/gO 2 vhEh},
05-0.7g/g®) AEY AzxF7A H3E yeld Rl
o Bl& AEY ARFA L wEst A desoh

B¢ Ee W3l w& TCODS SCOD
A g&L w7 R1z RO A2 v wsdd
Fig. 8o Uehligicth SCODe HgagHed &
& A9ed RldAdes 433 #4718 &9
o wzl biomasse @AFo] Ao,
AedE&re] 7o) wel bioparticledl FojA=
Axe] Aol ZAdtd mediad] HAHE
biomass #Fo] F7t3lA =lof vhg-71 We] biomass
T $7MEed, &5 $9 SCODE A H
HolM H 50mg/L 2 £ A HRTAAN HA
9] #% SCOD s%& uYEhlo], SCOD Heix &
& A9 Maglel %9 ML &S e
Rldl Hl& #7128 %71 =& R2IME dAE
&5 oA w2t vhg7] Wl biomass ¥
=7t F718tel(Fig. 6) #&H+= SCOD FE+
80mg/ £ & #Adte SCOD A &L 90%°lA
9% W3E el AAETEEE A
Ao} wat Ao o Yatel Foix)

12 ol

100 T T 100 T T T
oo-o-d! O—p %%
80+ 4 90}t D\C}-
& n
7 8ok 4 s} \ 1
c
kS
g oo N
s 70} 4 7ot AN -
: g
=2
£
¢ 60f 4 so} 4
3
|5
50 | - 1 o 4
40 L L 40 L L L
5 6 7 8 40 45 50 55 60

Liquid circulation velocity in annulus{em/sec)

Fig. 8. Effect of the liquid circulation velocity in annulus
on TCOD( @ M ) and SCOD( O 0O )
removal efficiency.

v A%ggo] FojEo #F 5= biomass Fol
#4389 (Fig. 5) TCOD A2 age F7tstd
Rl M 50%A 73%2 COD Mg i gol &7}
43, R24IA & 65%l Al 87%¢ COD A& &
9] Z71g B9k £ R1¥ R2 Z5oA 94
s@&59 #Zro wE TCOD &89 F7he
SCOD9 #718 #AAge wzle] o3 Role}y]
b {&9+E biomass %l mediad] #&s =
biomass® H#H FEFF2 biomass FE7}
szl ol

G dA RSN, AUAA FAL AE
gto] PAHO AL AfolE, AT )F
SaAger s AANGE BrdEE,
o] Mt AANEEE =UdFE VAAALEE F
JtA & g WK (Characklis, 1981), & A& 9
A W olA AE9 FAE 200um olte AET
e 71 AgAAge FAE 5+ 9le B2 2 (Hoehn
3} Ray, 1973), 4AEHELE FaA7e Ao
CODeY Ha &g F7M71= d #elstant

o F53: AT BN 27 99 A3
o g8 AAFTLEEE ZAAFHAN ASY9
W3l biomass? & 9 COD Mz A&S B2
o &3 ge AES A%

1. dcdEc s Fargdd g2 25 F
9} biomass F< FadArh

2. AAsFEEY A E bioparticled] FoI X

T AGSE S #AaANA AEY FAe AYHo
2 Z718dn AEY AzxdEE o)d wet B
H}.
3. ALBEEE B2 w2 fEF F
©} biomass ¥E7 74 TCODY i gL
7t n, Aw:io #$AHTE 98 #e
SCOD Aag&Le HAeH&EEo 7io] JF
& WA ggoy, nFEdME AL E
FaA Aol wek wrg-7] Ul biomassd F712 <
3l SCOD Ael& &L 90%dM %% F71E
By

g
-

A55,



56 CEEEEY
Anes

AEA, e, ARE, deF 57, 1991, 4
29§53 wgrldA nFE B A5
o APres WS A4, HeFe, 2
4, 448-456.

AEA, B, oA, £57, 191, 4BY &
5% Mgl A v4R 44 nte &x
24 13, dFYEFYA, 6, 2, 115-121.

ABA, ABE, o9, £+, 193 9§ #53
o B9%H 54 A7, 883, 31, 5,
563-568 .

AN, AEW, $7, 1998, AR 2RS 22

A71e de Az, 53 93-19912.
SEY, 29, F57, 1994, 9 5%
AET ghg7le FAHE AZE bio-
particled] AR5 A, AAE.

APHA, AWWA and WPCF, 1985 Standard
Methods for the Examination of Water
and Wastewater, 16th Ed.

Bailey, JE. and DF. Ollis, 1986, Biochemical
Engineering Fundamentals, McGraw-Hill,
482.

Chang, HT. and B.E. Rittmann, 1988, Compara-
tive Study of Biofilm Shear Loss on
Different Adsorptive Media, J. WPCF,
60, 3, 362-368.

Chang, H.T., BEE. Rittmann, D. Amar, R. Heim,
O. Ehlinger and Y. Lesty, 1991, Biofilm
Detachment Mechanisms in a Liquid-

A

254,

Fluidized Bed, Biotechnol. Bioeng., 38,
499-506.
Characklis, W.G., 1981, BIOENGINEERING

REPORT Fouling Biofilm Development:
A process Analysis, Biotechnol. Bioeng.,
23, 1923-1960.
Characklis, W.G. and K.C. Marshall, 1990, Bio-
films, JOHN WILEY & SONS, INC,, 112.
Fan, LS., K. Fujie, T.R. Long and W.T. Tang,
1987, Characteristics of Draft Tube Gas-

Liquid-Solid Fluidized Bed Bioreactor

with Immobilized Living Cells for Phenol

Degradation, Biotechnol. Bioeng., 30,
498-504.

Gorris, L.GM,, JM.A. van Deursen, C. van der

Drift and GD. Vogel, 1989, Biofilm

Development in Laboratory Methanogenic

Fluidized Bed Reactors,

Bioeng., 33, 687-693.

R.C. and AD. Ray, 1973, Effect of
thickness on bacterial film, J. WPCF, 45,
11, 2302-2320.

Kim, DS. and SXK. Song, 1993, Dynamic
Characteristics in IFBBR and Its Applica-
tion to Wastewater Treatment, The 5th
International Energy Conference, Environ-
mental Control and Waste Recycling,
Seoul, Korea, Vol. 5, October, 313-320.

Kim, D.S. , T.J. Park and SK. Song, 1994, A

Study on Volumetric Mass

Biotechnol.

Hoehn,

Transfer
in an Inverse
Bio-

Coefficient of Oxygen

Fluidized Bed Biofilm Reactor,

technol. Bioeng., Submitted.
Rittmann, BE. 1982, Comparative Performance

of Biofilm Reactor Types, Biotechnol.
Bioeng., 24, 1341-1370.
Ro, KS. and ]B. Neething, 1990, Terminal

Settling Characteristics of Bioparticles,
Water Res., 21, 4, 451-458.

Shieh, WK., L.T. Mulcahy and E.J. LaMotta,
1982, Enzyme Microb. Technol. 4,
269-275.

Speitel, G.E. and F.A. DiGiano, 1987, Biofilm
Shearing under Dynamic Conditions, J.
Environ. Eng. ASCE, 113, 464-475.

Stewart, P.S., 1993, A Model of Biofilm
Detachment, 41
111-117.

Trulear, M.G. and W.G. Characklis,
Dynamics of Biofiim Processes,
WPCF, 54, 9, 1288-1301.

Biotechnol. Bioeng. ,

1982,
J



