KOREAN J. FOOD SCI. TECHNOL.
Vol. 25, No. 1, pp. 69~77(1993)

olyga

The Treatment of Industrial Wastewater by the
Fluidized-Bed Biofilm Reactor

Myung-Gyo Suh, Jung-Ho Suh*, Jun-Soo Kang

Department of Food Industry, Dongeui Technical Junior College
*Materials Development Research Institute, Suhryung Co. Ltd.

Abstract

Substrate removal efficiency of industrial wastewater from dye plant was investigated with fluidized-
bed biofilm reactor(FBBR). Wastewater was diluted by 2, 3 and 6 times for experiment. When F/M
ratio was increased 0.2 to 0.3, substrate removal efficiency of wastewater was rapidly decreased in
all dilution ratio. Substrate removal efficiency was increased with dilution ratio in same F/M ratio,
with hydraulic retention time. In case of 6 times diluted wastewater, below 0.2 F/M ratio, removal
efficiency of BOD was 90~97%. For reactor design, the parameters such as as Y, kq and r was obtained

as follows:

Y=0.3365 ks=0.03782 day ' r=0997 in 2 times diluted
Y=0.3341 k,=0.02750 day ' r=0996 in 3 times diluted
Y=0.5460 k;=0.03434 day ' r=0.998 in 6 times diluted
Key words: fluidized-bed biofilm reactor, industrial wastewater, dye, substrate removal efficiency,

reactor design parameters
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Table 1. Characteristics of industrial wastewater from
dye plant

Item Conc.
BODs, mg/l 2,550
COD¢,, mg/! 9,120
CODy,, mg/i 4,950
TSS, mg/l 370
PO,-P, mg/ 0.87
NH4-N, mg/l 0.08
pH 1.37
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Fig. 1. Schematic diagram of fluidized-bed biofilm rea-
ctor(FBBR)

AR

E A¥d A" #AFAE= Fig 13 2o} 245 uke
7= W7ol 10cmoli o)z} 165cm, F53 13Lal
T3 olzd YRR Aztsigdct kel &9
A= 771 s=8) v|dE 55 5487 ¢k 40cm
Ao 408 AR AFHTE AAEdc WAL v
o] °F 20 g/cm®o]lx z)AHo] 0.6~1.2mmel granular
activated carbon(GAC)-& Ahg-3tgl.om w27 o) <k
2L& iﬂx"iq
W7o 52 e £E4E 22m/hre] SRR

Hh3-7] sHR-2 F9)sbgd o v(recycle ratio 230~ 1382)
Frld e ARFUYRLE AHLsle AR FUTE §
JAAT) AgREzd & & JFES 2487 96
7PHASEA7IE AHEelen w]AlEe) Z3pAdAd
g 347 A trape A sk}

A FEAL I e R AbaE Ehgel
Fol FFegon grrge WAz A%ee 1
ARG ALgsle] 221 1C & fA8kg

HST| 2Tk
O|MEe| ofE F5}

nkE7)o) 7)3Le] MHF GACE o 2L AR Yx

TETE A HZE FIAIIHEA, A 4

Table 2. FBBR operating conditions for the treatment
of industrial wastewater

Type of HRT Influent CID MLVSS F/M
waste (hr) (mg/D) (mg/h)  (day™h)
6 times 48 1174 5712 0.153
dilution 24 1364 6845 0.174
12 1468 6032 0427
3 times 48 2274 5593 0.182
dilution 36 2446 5712 0.250
24 2370 5818 0.358
12 2350 5422 0.749
2 times 72 4373 5355 0.238
dilution 48 4318 4819 0.383
36 4440 5025 0517
24 4420 5013 0.778
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Table 3. Summary of steady state operating results in fludized-bed biofilm reactor”

Type of Influent Effluent
HRT MLSS MLVSS F/M
W/wW TCOD TBOD TCOD SCOD TBOD SBOD  SS .
6 times 48 1174 434 118 82 21 12 22 5712 5135 0.153
dilution 24 1364 476 170 132 29 15 27 7823 6845 0.174
12 1468 489 511 370 78 39 328 6841 6032 0427
3 times 48 2274 655 746 518 121 59 97 6250 5593 0.182
dilution 36 2446 784 990 714 186 109 236 6527 5711 0.250
24 2370 771 1174 798 212 120 252 6620 5818 0.358
12 2350 772 1260 1029 216 137 276 6275 5422 0.749
2 times 72 4373 1365 1688 1329 254 118 174 6120 5355 0.238
dilution 48 4318 1342 2231 1760 335 196 296 5634 4819 0.383
36 4440 1379 2386 2166 459 207 377 5724 5025 0517
24 4420 1371 2565 2245 492 289 404 5684 5013 0.778
D Unit : HRT[(=] hr
F/M[=] kg COD/kg MLSS-day
Other units where applicable, mg/!
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Fig. 2. Effect of hydraulic retention time on TCOD
removal
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Fig. 3. Effect of hydraulic retention time on SCOD
removal

SCOD®) Al AT & THelA BofAlE e} 3o 6v)
g4 A2l A9E Aslskw TCOD AAZgrch
B 10% o) 42} AALE F7HE ehydl ol Ta-
ble 1o]4 moii upel o] AlB2 AHga 5ol
ob7rel walgel ol WP A7EelArt

= Fig. 4TBOD71%)9} Fig 5(SBOD7| %)% HRT)

£ BODe| A7 &&¢ vhebd ZAald, TBODS) 3%
HRT7} 12~72717kelw] 262} 3w} 8142 4] 64.1~81.



55 987 AgHAF Ao

100 :

% TBCD REMOVAL
w
o
T T
]
\
1 !

60 4

i @2 times dil.

M3 times dil.

A6 times dil.

10 L1 1 L L L 1

12 24 36 48 60 72

HRT (hr)
Fig. 4. Effect of hydraulic retention time on TBOD

removal
100

]

_//—:/»

80 |- J
=
=
(=3
o
&
(= [ -
[}
2
5
xe
60 | J
B @2 times dil. 7
W3 times dit.
As times dil.
40 1 I t t t L
12 28 36 48 60 72

HRT (hr)

Fig. 5. Effect of hydraulic retention time on SBOD re-
moval

5%2 AAAEE ek SBODS AALEL
HRT7F 24407 ol4d wli sl4go] 2Aglo] 80%
ol 49 AALEE iehlglem 48417 oj4d W=
3ule} 6ul B4l A] 90% oo AAHEES Ralvh
webd AAAHegrE COD AARLEe] BOD AAES
B} golzEd] ol 2 AFel AM-d s el non-
biodegradable organice] AtwFi-E- Q7] WE o2 o7
Ak

F/MH|o| ME 77| HMAHE=

73
100 T T LN T
® 2 times dil.
M3 times dil.
o A6 times dil, |
80 | .
-
<T
£ L 4
o
=
w
o
c
(=]
= 60 p
e
40 .
4 1 A L —
0 0.2 0.4 0.6 0.8 1.0
F/M {kgCOD/kgMLSS-day)
Fig. 6. Effect of F/M on TCOD removal
100 F T T T T
® 2 times dil.
-3 times dil.
L 6 times dil.
80 + -
2 = i
=
(=)
>
=2
S 60 L N
S
vy
e
40 - W
I3 1. 1 1
¢} 0.2 0.4 0.6 0.8 1

F/# (kgCOD/kgHLSS-day)
Fig. 7. Effect of F/M on SCOD removal

.0

Fig. 6(TCOD71%)3% Fig. 7(SCOD7|5)& F/Mulel]



74 g EabebsA] A 25 A Al 1 & (1993)

100 [ - - .
i \‘\\ —
80 .
=
T
=
(=]
5
&
&
- o -
<
[=2]
—
e
60 -
@ times dil.
B W3 times dil. |
A6 times dil.
1 3 { 1
] 0.2 0.4 0.6 0.8 1.0

F/tt (kgCOD/kgMLSS - day)
Fig. 8. Effect of F/M on TBOD removal

100 T T T T
2 80 + -
=
=]
W]
o
S L 4
a
»*
60 = —
@2 times dil,
L W3 times dil, |
A6 times dil.
1 1 1 L
0 0.2 0.4 0.6 0.8 1.0

F/¥ (kgCOD/kgMLSS-day)
Fig. 9. Effect of F/M on SBOD removal

F COD AALES bl Aoz a™leld Hoixe
upe} 7ro] TCODS} SCOD2) A7 a4& F/Mu|7} 5
7t o F43] Aiske AS oF 5 oded o)ue
F/MR|7} 02~0.3d wife] sMdgof #aAglo] 4
FEg W HoF A7

SCODS] 7% F/Mu|7} 0.2~0.3 o]sle|m 34 go
DA 70% o 42} 718 AALEE 71T 5 3l
61} 3419 7% F/Mu]7} 0.2 o)ske]w TCODS} SCOD
AAZEE 90% HELL oF 5 ek

T T T T T T T
TBCD  SBOD
O ® 2 times dil,
L 0O W3 times dil. |
600 DN A 6 times dit,

(R
(=)
a
—
=
2
z
E
z
W
200 + -4
Q
0 20

Aeration time (hr)

Fig. 10. Effect of aeration time on effluent BOD

2800 T T T T 7 T T
TCOD Scon
0 O @ 2 times ¢il.
O W 3times dil.
L A A 6 times dit ]
2000 |
<
(=]
£ b
(=
[
«©
-
==
& 1200 b
pr
ot
[T
o
400
0
0

Aeration time (hr)

Fig. 11. Effect of aeration time on effluent COD

£ F/Mule] a}& BOD A7} &-8-2 Fig 8(TROD7)E)
s} Fig 9(SBOD7 %)l yehligi=ul, TBODS] 7%=



ElS

T T T
0.12 r / ]
0.10 + B
0.08 4
.

% 0.06 4
0.04 + ~
0.02 N

@2 times dil.
M3 times dil.
A6 times dil,
0 — 1
0, 0.2 0.3
-0.02 |
So- S
X-6
-0.04 [

Fig. 12. Graphical determination of k. and Y value

20} 3] |9} 3u] 3|4 A] A AEEo] HZEle] F/Mu|7}
04~082] HH el 4] 65% W] MAELE yholl BoF
A ekt 22y SBODe] A4 CODY 7A-$xch F/
Mujol| w2 A EHEe] oso] 2 R veldon
6ul B]X0] ALE AQlsi Ao g r AA vjeh}
F/M¥H] 0.2 o]alell A= 90% ol4te] MAEELS by
Atk
Ha|e| 3

Z7)A1 3k B2 549 BOD F=+ Fig 109 o}
ebd nie} o], 6ul F o] A$-E A9shd 12~724
7re) £7)o) 4] 121~492 mg/le] FEHHE ehisdch
6ull #xe] A% SBOD ¥ TBODE: Z7)x)7ke] 244
Zro| A} Z7)Eld® A9 HlLg 250 B2 S Roln,
TBODE 29mg/lolX 21mg/l& 8mgl Zxsidx
SBOD®] 7% E7|A7ke] Zrlsleds fE5e 7t
4% TBODETh:= Ho] 24~4824]718] E7lol|A] G54
A& 15 mg/lol A 12 mg/l2 3mg/lutel 7hasta] okg)
o} e} SBOD2] 7§ Aldzez aXe Hoxqt
Hdd ez ®Bw TBODH.c} i%ﬂ#é‘.ol +FIAE
tl o7& fEFWel kel g Eel xEe] 9l7)
041 ql ez oAz}

ig. 11:2- E7| A 7bef] w}E §-Z4¢ COD FE9
el o2 6] 3]4e) 73 5 A5k 12~
be] EF)A1zkel M f-E249) FE7F TCODS 734

-{n

> —'.’i e or
mlm

N

H3
48

off
ofj
-z
ofo
N

Aol A 75

i T T
O 2 tines dil,

C13 times dil. 1
6 times dil.

12 +

0 e 1 ]
0 50 100 150
Fiuidezed-bed height (cm)

Fig. 13. The variation of DO with fluidized-bed hei-
ght

2565~746 mg/l, SCODS] %< 2245~518 mg/lZ E%
o] Wzl Zo] whg A vtebdont 6ul B e]Ae
TCOD#%} SCOD7} 7+7}; 511~118 mg/l, 372~92 mg/i &
velt 3ufel 2u) 3149 ek WEEe] Hch
ol Adideg FAe A%E HA U 6w M9
7g-of 2uivt 3ull 5) M o) ARk A Ege] 4 F7)
el Aoz YzhEgich

Y ¥ kgt Aid

Y, ket A (4ol el Azt 2o] 1/SRT=Y-
(So—5)/(X-0)—kso] FA AN A A} 7|79} A
o2 A4kslgion, Fig 12+ 2 447 2855 o139
2.2 vehd Aejrh

20 3)414] Y=03365, k,=0.03782 day 'ejglem, 3
Wl E M Y=03341, k4=0.0275 day lo}glew 6wl
3 A4 Y=05460, k,=0.03434 day 2 vjebgel o] &
Az MFe) dx AEE vehlle AL 1= 24
34 4] 0997, 39 3414 0.996 2 6k 3}43A] 0.998%
vepdow o] 247 Ade) vind A UXNTE X F
it

Bt87I1LH DO ST



76 AL et a) A 2549 A1 & (1993)

w71 Eolol whE DO W3S Fig 130 vleby)
At} A Bzl afe} zlo] ubg7]e] BhRef A
°F 60 cm Fol7tx|= DO} §43) 3paslzn #absdol
A9l DOE 2mg/l o148 #A8h= Ao bl
2HEE 24 £53 v FAAEY shiel ks
B2 d4L g Aoz vehyg

2 o

SR $53 W8/1E R A% 471%
AelEgs DRk FAATE 2o, 3 2L 6w
4stol A sd w4 HauE L5 /M) 02
A4 0302 F74% o Aigel FAs ol
4, 2& F/Mul e S4g0] $852 Aol ol
Fohom FelsA AFAe] 2ol WA Aok
5 Z7bskleh 600 S84 F/MMI7E 02 o)l
BOD Hel&go] 90~97%2 7b¢ F3tch = w487
AAE 9% B4R AF Y, ket 2 ARAS 12 200
342} Y=0.3365, k,=0.03782 day~', r=0.997, 3u] 3
AA] Y=0.3341, ks=0.0275 day™', r=0996 % 6v} 3]
A Al Y=05460, ks=0.03434 day !, r=09982 i}e}
ek,

7|18 A <o

BOD . biochemical oxygen demand(mg/!)

COD . chemical oxygen demand(mg//)

DO . dissolved oxygen(mg/l)

F/M . feed per microorganism(kg COD/kg MLSS-
day)

HRT . hydraulic retention time(hr)

MLSS  : mixed liquor suspended solids(mg//)

MLVSS ' mixed liguor volaitile suspended solids
(mg/)

SBOD . soluble BOD(mg/l)

SCOD  : soluble COD(mg/!)

SRT . solid retention time(hr)

SS . suspended solids(mg//)

TBOD ' rtotal BOD(mg/l)

TCOD ! total COD(mg/l)

TSS . total suspended solids(mg/l)

Inf * influent

Eff . effluent

k : maximum specific substrate utilization rate
(day™")

kq . endogenous respiration coefficient(day ')

K. > Michaelis-Menten constant(mg/l)

Q . flow rate(m®/hr)

Q. > flow rate of waste(m*/hr)

S . effluent substrate concentration(mg/!)

»

3

P4 pa <

10.

11

12.

£

> influent substrate concentration(mg//)

. reactor volume(cm®)

. biomass concentration(mg//)

. effluent biomass concentration(mg/!)

. influent biomass concentration(mg/!)

. wasting biomass concentration in reactor
(mg/D)

. yield coefficient(—)

. specific growth rate(day )

 maximum specific growth rate(day ')

. hydraulic retention time(hr)

> solid retention time(hr)
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