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dayel| 4] 80 kg COD/m?-day 2 F71A]719 4] AP & Fastsinh w3 Ao 1143 v FFI2RE 7|HE
3 gAHTE 2A 3] AlLEdn) f7]E F3HEe] 10kg COD/m® - dayol 4] COD+= 96%2] ##AE&& e}
Wz, vkl v AE FEE 6,530 mgleldlel =3, {718 §-3l&e] 80kg COD/m*-day® F71=ol%
CODE 73%9] & A& w7 |v ndE F2& 37,000 mg/lE Jehldcl /718 AAEe] B4
B F/Mu|7L 17 o3l o] B89 FA7} 420 um o slell A 4 she Zo] 71 &3]l 7o g vehgoh

Abstract—The purposes of this experiment were to investigate biomass characteristics and substrate re-
moval efficiency and to find the optimum conditions on holding up higher biomass concentration in Fluidized-
Bed Biofilm Reactor(FBBR). A number of experiments were conducted under the following conditions by
increasing organic loading rate from 10 kg COD/m?®-day to 80 kg COD/m*-day. Superficial upflow velocity
was 17 m/hr, operating temperature was 22+ 1C and pH was 7% 0.1. The synthetic wastewater based on
glucose was used as a substrate in this experiment. The removal of chemical oxygen demand(COD) with
volumetric loading rates of 10 kg COD/m?-day to 80 kg COD/m?-day was investigated to show the efficiency
of aerobic FBBR. The corresponding COD removal efficiencies were 96 and 73% with volumetric loading
rate of 10 to 80 kg COD/m®- day, respectively, and the concentrations of biomass remaining inside the reactor
were shown 6,500 mg// and 37,000 mg/l, respectively. These experimental conditions of the F/M ratio of
1.7 and the biofilm thickness of 420 um was proved to be a most appropriate condition in operating FBBR
in the view of substrate removal.
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Table 1. Composition of synthetic wastewater (COD=

2,500 mg/l) (unit : g/)
Item Value(g/l)
Nutrient broth 0.1
NazHPO4 1
Glucose 4
KCl 0.14
Urea 1
CaCl; 0.14
NaCl 03
MgSO4 0.1
pH 7+ 0.1
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1. Feed tank 2. Feed inlet pump
3. Feed line reactor 4. Reactor
5.Sand trap 6. Aerator

8. Water bath
10. Jacket pump

7. Recycle pump
9. Water jacket
11. Sampling port

Fig. 1. Schematic diagram of Fluidized-Bed Biofilm Reac-
tor(FBBR).
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Fig. 2. The process of bioparticle development.
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Fig. 3. Variation of biomass concentration with time.
HRT : 5 hour
pH:7+01
temperature : 22+ 1C
superficial upflow velocity : 0.47 cm/sec
substrate concentration : 1500-13000 mg/!
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Fig. 4. Variation of biofilm thickness with time.
HRT : 5 hour
pH:7+£0.1
temperature : 22+ 1C
superficial upflow velocity : 0.47 cm/sec
substrate concentration : 1500-13000 mg//
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Fig. 5. Organic loading rate versus biofilm thickness.
HRT : 5 hour
pH:7+01
temperature : 22+ 1T
superficial upflow velocity : 0.47 cm/sec
substrate concentration : 1500-13000 mg//
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Fig. 6. The effect of biofilm thickness on biomass concen-
tration.
HRT : 5 hour
pH:7+0.1
temperature : 22+ 1C
superficial upflow velocity : 0.47 cm/sec
substrate concentration : 1500-13000 mg//
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Fig. 7. The effect of biofilm thickness on biofilm dry den-

sity.
HRT : 5 hour
pH:7+£0.1

temperature : 22+ 1C
superficial upflow velocity : 0.47 cm/sec
substrate concentration : 1500-13000 mg/!
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Fig. 8. The effect of biofilm dry density on biomass con-
centration.
HRT : 5 hour
pH:7+0.1
temperature : 22+ 1C
superficial upflow velocity : 0.47 cm/sec
substrate concentration : 1500-13000 mg/!
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Fig. 9. The effect of bed porosity on biomass concentra-

tion.
HRT : 5 hour
pH:7+£01

temperature : 22+ 1C
superficial upflow velocity : 0.47 cm/sec
substrate concentration : 1500-13000 mg/!
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Fig. 10. Biofilm thickness versus moisture content.
HRT:5 hour
pH:7+0.1
temperature : 22+ 1T
superficial upflow velocity : 0.47 cm/sec
substrate concentration : 1500-13000 mg//
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Fig. 12. F/M ratio versus COD removal efficiency.
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superficial upflow velocity : 0.47 cm/sec
substrate concentration : 1500-13000 mg/!
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HRT : 5 hour
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temperature : 22+ 1T
superficial upflow velocity : 0.47 cm/sec
substrate concentration : 1500-13000 mg/!
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Fig. 15. The effect of biofilm thickness on substrate re-
moval rate.
HRT :5 hour
pH:7+0.1
temperature : 22+ 1C
superficial upflow velocity : 0.47 cm/sec
substrate concentration : 1500-13000 mg//
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22 vepgedl, o= rl8ER A7) 420 pm7hR]) =
248 9 ojyErtte] EA8ichrl 420 um o)A F
7habab vl @A o] o] Euto] ol A o2 A}
28k 9 §71F 2271 200 mg/ld o] A w)A
% A7} 150 um Axethy Rus wprl ded (7],
2 Ao 420pm HEZ Jehd RE 9 $71%
¥ EE 3,000-13,000 mg/l el TEE FAATE AT
224 A vAEY FAC 2A Jdehd Aoz A
E=Rl=

A9 A5 ERREH 1A, FdFETt FUMEFE
WAE TR Fhst 1exe dH5E Mg
U Ao delgod, §718 AAES FAHAA
B F/Mu)7b 17 o3, w]AE% FA7F 420 um ©]
sloll A A3 7o) M AEAHYE o F sUsich

4.4 £

Ao f3FEE FoRAEA plgEe] A
A& Basled olue} e Azg Ak

(1) Biofilm FA 7} Z71stel wte} 718 AA &
2 Frtstgd ot n| A ET FA 7} 420 um o] Abell A
© §71E AAEL o oA Friskx] 9dx YA
F A= 9 ek

(2) 718 ¥3h82 Z7ldd o} 4718 AAEES
ke 3es e, $718 ¥-318<] 10kg COD
/m*-dayel| A= 96%2] COD A|~&2 Jepligls, &
7% §318-& 80kg COD/m*-day7lA] F71A17& o
A% 73%9} F2 COD 742 Jehidcth

3) FrdFErt 2NETE AE FEE FUHEHY
aFze d5E A £ e Ao Jepgon)
718 A AL G B F/Mulz} L7 o)&}, u]A
7 FA7F 420 ym o}l A - o] A &
3l Aeog eyt

NOMENCLATURE
a : short diameter [L]
b; : long diameter [L]

BOD : biochemical oxygen demand [ML™ ]

COD :chemical oxygen demand [ML ]

d : Sauter meen diameter [L]

di : diameter of volume equivalent sphere [L]
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dm
dp
F/M
HRT
MLSS :
MLVSS

Vb
Vi

Pra
Pou

AEA - WA -

U

: Sauter mean media diameter [L]

: Sauter mean bioparticle diameter [L]
: Food : Microorganism ratio [ —]

: hydraulic retention time [T]

mixed liquor suspended solids [ML™°]
: mixed liquor volatile suspended solids
[ML-?]

:number of media per unit volume [—]

: moisture content [ —]

: total volume of biofilm per unit volume [ —]
: volume of wastewater per unit volume [~ ]
: wet weight of biofilm per unit volume [M/L?]
: average biofilm thickness [L]

: dry density of biofilm [M/L*]

: wet density of biofilm [M/L*]

REFERENCES

1. Theodore, C. Stathis : ASCE., 106, 227(1980).

BT H297 R4S 19914 8

A%

ST

e

57

. Michael Barbara, Frank Flood and John Jeris:J

Wastewater Treatment, 35(1980).

. “Standard Methods for the Examination of Water

and Wastewater”, APHA, AWWA, WPCF, 16th Edi-
tion, (1985).

. Wen K. Shieh and John D. Keenan : Advances in

Biochemical Engineering, 33, 131(1986).

. Characklis, W.G.: Biotech. and Bioeng, 23, 1923

(1981).

. Hoehn, R.C. and Ray, A.D.:] WPCE, 45, 2308

(1973).

. Leo T. Mulcahy and Wen K. Shieh : Wat. Res., 21,

451(1987).

. Enrique ]J. La Motta : Envi. Sci. and Tec., 10, 765

(1976).



