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Abstract

The submerged membrane-coupled sequencing batch reactor (MSBR) is a
promising technology for wastewater treatment in a small scale. A flat—sheet
microfiltration membrane, made of PVC with a pore size of 04 m, was
submerged in this reactor.

The effects of operation modes on filtration performance and its removal
efficiency were investigated in flat-type membrane-coupled sequencing batch
reactor (FMSBR). Three sets of operation modes during 133 days were
conducted to identify their effects on the filtration performance and its
removal efficiency. MLSS concentrations in the reactors increased during
operating time, and then maintained a constant concentration after 80 days.
As for the removal efficiency, there was no wide difference among three sets
of operation modes. Average removal efficiencies of COD, SS, T-N, and T-P
In permeation were more than 95%, 1009, 82%, and 95%, respectively, at all
modes. But in the filtration performance, time cycle on non-aeration and
aeration of 60/120 min/min was more effective than 120/240 min/min, and the
operation mode of intermittent filtration was more effective than that of
continuous filtration. When time cycle of non-aeration and aeration was set
up 60/120 min/min, membrane filtration was able to be continued for 127
days without membrane cleaning, and was recovered after this cleaning.

The effect of organic material loadings on nutrient removal characteristics
were also investigated in FMSBR. In order to identify their effects on
filtration performance and nutrient removal, three organic concentrations of
200 mg/L (Run-1), 400 mg/L (Run-2) and 800 mg/L (Run-3), respectively,
were continuously carried out. MLSS concentration increased continuously at

operating time and average rate of MLSS change increased as the increase of
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organic material loading. Removal efficiency of COD decreased with the
increase of loading. The removal efficiencies of T-N and T-P were increased
with the increase of COD/N and COD/P. This result indicated that most of
membrane filtration resistance was found to be caused by cake resistance
formed at membrane surface.

In the operation of FMSBR, the effects of filling step on the removal
efficiency and its filtration performance were investigated. Two sets of
operation modes were conducted during 82 days: (1) the filling step located in
the beginning of aerobic step and (2) that in the beginning of anoxic step.
There was no wide difference in the COD removal and filtration performance
between two sets of operation modes. But in the removal efficiency of
nutrients (total nitrogen and total phosphorous), the filling step located in
beginning of anoxic step was found to be more effective than that of aerobic
step.

In this study, we studied on a hybrid reactor for the study of wastewater
treatment. The hybrid reactor was another type of FMSBR with sponge type
media submerged. Dosages of the media in the hybrid reactor were set of
5%, 10%, and 20% based on working volume of hybrid reactor. As a control
system, FMSBR was also operated. The experimental results showed that
MLSS and MLVSS concentrations for four different volume of sponge media
increased continuously during the operation time. There was also no
difference observed in the removal efficiencies of COD, T-N, and T-P
irrespective of the dosages of the media. But TMP of the hybrid reactor
increased slowly during the operation time, while that of FMSBR increased
rapidly at the initial operation. This result was thought that the collisions
between flat membrane and moving media gave friction forces which
mitigated the cake layer on the surface of flat type membrane. Consequently,
this study showed that filtration performance of the hybrid reactor was
greatly enhanced compared with that of FMSBR. The hybrid reactor
suggested in this study can be a good candidate for the wastewater

treatment.

Collection @ jeju



200895 el A WAEE SpuARe % 17113 WEH, o] F
AT WA AeEm g 2
sa QEH1 e shew el g ME, e AdgEe PR sow

Aste] WA HeAEF AUE F9 - AuNE AFAE Fe olurt 43

rlr
ox
ru (
o
o
rlr
—_
o
@
o))
RS
2
i
|o

A Ao TAE EAH R tAsy] 9k ofy ZhA tigko]l AA]

MEeA Aelshs lolth of WM J1Ee Yirm AP ol get Wy
A opsHE AW AA e BARE FHE & U, v gFHoR &
AodwA 9 S HnE BA6 AT ol PEolt3l,

Akl BE Al A7 LH ALl = T2 w7lEe] AA"E 19

A/O(Anoxic/Oxic) &4 o]
S Agslr] fsiAe & FAHZAo da )

A/O FA o8 eH+E A= ofEzo] Ank olF A A=
TR sk e AlAdo]l F g st

AFE AEAde] aTHE MBHA AAPPOEL AXARA wgY)

:L
<
@)
ol
o,
rlo
=
4]
td
ACh
=2
a2
s
&
of
o
lo
ot
ol
&

(Sequencing Batch Reactor, SBR)7} @o] o]&% i1 lt}. SBRE shite] wvE&-x
o A F(fill), ¥H-&(react), A (settle), A5 2] Hl&(draw) 2 FA(dle)e 5

7HA @9 Aol EAH o R o] FolA = A o|tH4]l SBRY o] tdhsa

Collection @ jeju



_ﬂt 7 5
0 o)
& E M_ Eﬂ Wom
I 0 0o
< mm e q R v |
— n 0 — -
M.M Ho X oo 3 T g M N E T =
ARﬁaﬁ moﬂﬂﬂ _im&v]ﬂr%@)}
M A JF Nd o TO g w L o o S R X
[ do iE 5 - 8 TS c e
o~ ° 1r Mo o ° A of N A= X ~ A
0 W N o o A o 'm0 i~
505%.17m§4 mreﬂﬂVL@M E%@Mv;ﬂo%
= TS T 7 = B 5 o T . T _% T K A o = =
—i = 0 =
XU o} = w Bn i JUM ﬂ\M or il m o = F o e I . o i ;H% M o MME o
\Cl ﬂ HT U m_uLO vﬁ m o) O#E .a ) mz._ I MO O#E _ W_ 0 _ .Dl :.L ﬂa ;IJVI o UT.c ﬁHWO EO
u & = B do T £ m = X T 2 & iy T o do m N |
i T B e iz R 2 X F < = M o2 oy T ~
%%1%@aﬂnm¢ wﬁﬂﬁﬂ_ﬁv‘ urtyWEmﬁﬂumAﬂ%m
L e L% < X e T % W W W & 3 o T w o L A
S T A\ 5 4 3 7 T oo ow 5
~ ° 7 a2 Ak 2 - = -y o o SR ™ B I L S m/a
Eom_wgmﬂrwn% G ﬂmw#spogo wreﬂ%g%@% o
leo;blﬂaE@ﬂ uosa%ﬂ ﬂm1ﬂdgxmﬂﬂ%w
& T oy oy M W T © 2 R . 7 o a ) e T o W
oﬂo_ﬂrxﬂ W o T ﬂodwr =o 7(sﬁﬂu;o 1%%
o X ﬁ R o £y X W oK T~ = < . mo o oy X ne L
(- i = gy o = i X " < B B o g i T o =
=3 ﬂ_ol ' 1_,N_v m_ﬂe OE ﬁo m = MM X @ X ™ _ ~ ‘_.nﬂ_ # ‘HAU m m_w.o M_W X ~ © _*
W A o A o S A ok < do = h 4; -r % B
S op N o ) o y w2 2 = LR B s X N i
iﬁoaﬂ » T X o_ﬂlm%mﬂ N flmuuu__o,m_ﬂ
= ¢ P B T Z s R T T 2 M = o W o oo oo T
=~ = ﬂaem oy o 4 ﬂ_fx%% .@__ﬂg%
T B X B 3 <° oy o % & 2 X ox T 2
cult oK T o ol 0 o %0 = 2 KR~ L = - _ M
LW p o + Ak = I 5 e ™ 5 R G+ o
K e o %ﬂ@@ o B R o T T A P e o
= & no = o ;w9 7z B 2o ¥ N A o
aﬁﬂi ¢ ™ & RoﬁﬂToﬁ_}uqox G
ﬂ_iﬂ@ﬂyo_w# loamuT %@#% %Q_%ﬂ%aaau
ﬂwi%%@%@E@ﬂ% ﬂ@,ﬂ@@mema%@,%%w
ov%wwmﬂh,wm ua;ﬂﬁamm%mﬁﬁ%w,wmﬂﬂ imil
= < N T o} MM nH o% we i oy Mﬂm °° & M ML o)y m = __mw 5 % WW o R MM
"R of o o o 5 5 at o T el o P = ~ T e P
SIS T I mm T e 3 U Mo m . Wﬁ ﬂm 2 KNS LT =
TO= x N ) ol Moo o S =~ T Al up N R @ )
o= 2 4 8 2 T o X Fow X
xR = 7 & = =y wor i
ol < T oy N O 5 H = =
G g o oz W & = W o
= a0 T 5 4 2
o TR R o T
N <~ N
‘a T~ [~=
i) T o
o)

Collection @ jeju



Recirculated stream

Influent |~~~
> . - ° Membrane

o © module

o
0% s
a o
o]
Air g ooy

Bioreactor

Permeate

(a) Sidestream type

Permeate

Influent

| Membrane
module

Bioreactor

(b) Submerged type

Fig. 1. Configuration of a membrane bioreactor[Judd, 2005].
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Theoretical

stages
( Lipids Polysaccharides Protein Nucleic acids
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(e.g., propionate, butyrate
succinate, lactate,
ethanol, etc.)
Methanogenic substrates
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Methanogenesis
\

~ | Methane + carbon dioxidel

Fig. 2. Anaerobic process schematic of hydrolysis, fermentation and
methanogenesis[McCarty and Smith, 1986].
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Fig. 3. Nitrogen transformations in biological treatment process[Sedlak, 1991].
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Anaerobic Aerobic
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Substrate Substrate

Anaerobic condition Aerobic condition

Fig. 4. Biological phosphorus removal mechanism[Arun et al, 1989].
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AL 2 HkS-7](Sequencing Batch Reactor, SBR) &3 & #H4E 353 o]

Al dke Ao A A &3 WA o7 o] Fo] R fill-and-draw W37

Ll

s

oo Mot
(o FME
o

Ao ZA e WEE7]o| A & 7](aeration) THAIC} A (clarification)
GAZE o]Fojth BE SBR w4 dnvbH o FH(fill), WS(react), A
(sedimentaion), ®lZ(draw/decant) % FA(idle) %5 5 7§ AE# 2 GAR o]
Folx Ari4, 14]. SBR &9 ztzt dAC] gk AWS Fig. 59 Table 1°
L ER A TH 141

A ol o] &3t FHoE wWol o]&Hal QTH28].
SBR #4& 7|8 oz 43 A% £57F =8 Anammox VA E o wjk

2 FISH(Fluorescence in situ hybridization) 23S 3 o5 v|AEL &4 ofF

E g3 Ao HF Z7]d Anammox P|AELS BEEA o} 7

2 ammonium " A EE 2421 % Candidatus Brocadia anammoxidans?} 325 )

&2

>

L, Alzkel Aol uwiElk 22 Anammox VA &9l Candidatus Kuenenia
stuttgartiensis -2 VA EEo] #23FATH20].

Kim¥} Park SBR¥} SBBR(sequencing batch biofilm reactor)oll A ¢ <19]
o mE A A AA A= FFES ATFSATH29] o] AFelA
d T 9 Ao SBRY SBBReONA Ao A A7 d&siA dojyko

oY Qe vt =2 A 9olE SBRETF SBBROIAZE ) Al E&o] =
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Influent

=

Add
substrate

[Fill]

Reaction
time

[React]

Clarify

[Settle]

Effluent
——>
Removal
effluent

[Draw]

Waste
sludge

[Idle]

Fig. 5. Schematic diagram of SBR[Tchobanoglous et al, 2004].
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Table 1. Description of operational steps of the SBR[Tchobanoglous et
al., 2004 ]

Operational

Description
step .

During the fill operation, volume and substrate (raw
wastewater or primary effluent) are added to the
reactor. The fill process typically allows the liquid level
in the reactor to rise from 75% of capacity (at the end
Fill of the idle period) to 100%. When two tanks are used,
the fill process may last about 50% or the full cycle
time. During fill, the reactor may be mixed only or
mixed and aerated to promote biological reactions with

the influent wastewater

React During the react period, the biomass consumes the
eac
substrate under controlled environmental conditions

Solids are allowed to separate from the liquid under
Settle quiescent conditions, resulting in a clarified supernatant

that can be discharged as effluent

Clarified effluent is removed during the decant period.
Decant Many types of decanting mechanisms can be used, with

the most popular being floating or adjustable weirs.

An idle period is used in a multitank system to
1dl provide time for one reactor to complete its fill phase
e
before switching to another unit. Because idle is not a

necessary phase, it is sometimes omitted
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Collection @ jeju



SBRS @4 & eA

oAzl wEell <

e}
=

A4 05

<
s

whg-ol
A A

=
T

m

o] Aot T3k g

stof Aol mh ris

Z]
S

W} HAwA

V2]

x
Ho

40

jont

N
T

X
ot

T Ak 2 o9 ZAAHE]oEA =HAQ

=3
2 =

S¥=

149

A

o

o)
0

—

)

0

¢

B

ofp
X
of

‘_aﬂ
K
i
A
o
_ZE
of
I

o wet 2

g4 &

2=
=

244

o] 7]&¢]

g 32l

s

2 Ao

o

=S
[}

~F

dRY s Aofd

o

el

o1& el

Ashed we

Aol FAE F

=
o

%

ke
T

)
ny
Ny

=

=4

?l_

_17_

Collection @ jeju



of e o3 AFfE o]ty wMAEH 55 st WA HAENS
7](Membrane Bioreactor, MBR)®] t}.
%719 MBR< 1960 t] 49t Dorr-Oliverdll <& 4o =
A7 (ship-board)oll A 7= #HF+E Aelsatr] &) A4 Sd&2A oA
(Conventional Activated Sludge Process, CASP)¥} 3@F2] o] 33 (ultrafiltration
process, UF)& ZA3st o] ATH32].
Al @45 A 4% vud o, MBRO 44 tha3 ZTH33]
Az, SHEHA Y T8 258 5T 5 Jomm w3y Ar|er &
oA S 5T F Atk
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FAYG FdH= dFE A B9l BOD, T-N, T-P % FF=4¢]
A& Z7) 96.69%, 75.33%, 79.64% L 99.36%°] vy =2 AAES B
ow, FHHE EF fouling dAo] Aol 7|7 =<t
ow 4] 7hsstdha ATh

B7PEEAAME 22 AggE n=Ast7] fste] 7 WHEUQ 7]E(dual
membrane technology, MF/UR RO)E AM&&F%tH36]. 300 mY/dayE @3
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Permeation Drag . Sludge floc

e Collod S
~~oSolute 2

Permeation Drag

Fig. 6. The schematic illustration of initial cake layer formation at constant

TMP[Bae and Tak, 2005].
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@ 300 -
0
E
o Synthetic sewage,
E 200 7 L/m*h
100 Real sewage,
9 L/m’h
U 1 L 1 I Ll |
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Time (d)

Fig. 7. Long—term filtration for constant flux operation[Clech et a/, 2003].

_22_

Collection @ jeju



Biological floc

! 13! v v
eEPS SMP Colloids Particulates
lJ | | |
; vy
| Biomaterial residue ‘ | Passive adsorption l | Initial pore blocking ’
‘* v A
—>| Cake formation | | Biofilm growth | Further pore blocking I

|

A J

‘ Irregular fouling distribution ‘
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Fig. 8 MBR fouling mechanism map(the three stages of fouling)[Zhang et al,
2006].

Collection @ jeju

_23_



7
NJo
olo

X

X
o

o

mK

9|

e}
AR

P
T

=

(i3

A Ao

<)

o 3744 el 9

R=%
[}

& o Ao

=

h=d]
29 Ao

‘1}
ok ol ¢

2 A3
=

of °J&
" o

fLL)

=]
J

&
=

1
e

4

I

2 A4

Aol Al

L

F71 4

ol
1

L
4.1

1

Gl
L
=i,

‘mwo

]
4

vze)

o)

71 A 71el w2k

- 3z
=

FAE A3l

ol
N
N
Ul
m

.61_

"

ko] o 3ol A

Ad 3

]

=

dA 9 %

% 71 (clogging)

286

Ao vt
3}

olo

el

FEA

¥ 1t 42].

A}
=

ol X
= =

o we gz e

CEEICEE RIREEE

=

o =

3} A]

=

1

o
pal

~~
B
~q
N
<]
T
o]
o
N
i

ol

ol

=

drez A7) o
AAXA

foi3
=

o] A

5}

te] Alol2 =

°

7}

=

=

_24_

1

9
yul

o] FF&d e Aoz
A eh-$-2 (shear stress)

dofrtA] ettt
42 A x4 A% g A

e Z 7] (Aeration)

Collection @ jeju

KN
=



A BEA 7] =

[e)
&S

|

7

3z
=

#1241 MBRel| A
AT A3rF ATH43]

]

]

R

-

1

Ak

]

3

1;(]‘

o E 3 Z 3 X~ (permeate flux)
=

it

—
o

el

]
wt

B

ar

3ol

K

o]
HH

{]
T
el

|

A A

s

(critical flux)&}ar

2 A
= =

3z
=2

|

A A

TP~
=2 1—=

71 Al Ak

et

R

441,

b3

J|

°] 7k

7A

ki3

J

S
=

]
A

3 A 7keld),

x

o],

[ ==
PA -

7HA 7
q " (chemical cleaning)©] t}.

=
T

AAH F7)9} oA

-

1

(backflushing)2 &= Z o]t}
1 &}

J

Pz
=

Q o

a

7]

EDIES

<

A

.
MBRell A

14 4

MBROIA =24 AlH2 HA

4.3 A H g3 g Ao

¥ (physical cleaning)o] 1. th&

(33, 391.

K

|

—~
fils)

air sparging¥ AM#HS F Al

1
T

735l

z2 7t 25 LMH(L/m” - h)el 7 %o

QoA GAH NS

ox

H
™
ol
B

o}
e

Fo}ed 22} E F(sodium

7 A

13
=

7}

J

Z(_1

_25_

214 Al

shsty AR BeH A%

Collection @ jeju
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1. 249 A5 2 9

1. Sd=3 A ul S

B>

FMSBRol A AF&3F nAE &30 SR = AFEHEAA L A FA]

-

A % A g wE dAS AR T AL FHAFZ 3713

b

A F AgSA Ml AHgE T4

= (glucose)S + EF

¥ ke
o,

dow, AU EF(NHLCDS F Aadoz, ditels+ 4225 (KHPO)S F
doz spglen, 1 ofd v Aol Bod nFdLE AUl WY

of Abg8 FAH4e =4S Table 20 YER) AT

Table 2. Compositions of synthetic wastewater used in activated sludge

culture
Composition Concentration (mg/L)

Glucose 200

NH.4CI 172

KH>PO4 14

FeCl3 - 6H20 1

CaCly 4

MgSO4 - TH20 50

MnSOs - H20O 3

NaHCO3 750
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N
>
il
0
S

B Aol A AP PR FMSBR 349 74& Fig. 99 HehUA
o wkg7]e] A7) kR 250 mm, AR 70 mm, ¥°l 1,200 mm= A Zskgl o
i

CAAL 10 mm FA9) ohIBBRE ol g3l WEAT. FHEAA 3]

il

l

Twd w4 e W FAEE Aola A4S Fol7] At A Hs

HEE WREd ANdgt. @ FyALe

ol

= 3Z(PH-080M, Wilo,
Korea), °lo]H3x(AD-40, Air Hi-Tech, Korea), 1®7](SPG geared motor,

o

S610, Kumil Industrial CO. LTD, Korea) % Y ¥ Z(peristaltic  pump,
BP-90361, WON Corporation, Korea)®] =& PLC(Programmable Logic
Controller, SB-30S, Comfile Technolgy, Korea)Z A}-&3sto] 2pE o2 A o]at)

o 2 Ao Algw AHFA ARZS Fig. 100] YERH AT

2 AT AMEE EEE e muldA Al#e PVC Al E e HAY Furo
Z T A7 (pore size)= 04 mol™, ¥ WAL 017 m'olth Algd Edt

of th3ak =FA|3F AFUYS Table 3o YEFASIT
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Feed pump

Pressure
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Balance Computer

g 2 Air pump
SRR

Fig. 9. Schematic diagram of FMSBR system.
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Table 3. Specification of membrane

Membrane material

pvC

Membrane type

Flat—-sheet type

Pore size (im) 0.4

pH 2 ~ 10
Temperature (C) 2 ~ 38
Hydrophobic or Hydrophilic Hydrophilic
Total surface area (m?) 0.17

Collection @ jeju
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Fig. 10. Photograph of FMSBR system: (a) air pump, (b) PLC, (c) suction
pump, (d) FMSBR, (e) permeate tank.
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1) EH<A 5= 573

YA sEs WE7IHY HF+ wAd=e F=E4 MLSS (Mixed
Liquor Suspended Solids)®} MLVSS (Mixed Liquor Volatile Suspended Solids)
2 Yetdlon FA4HEHA FEe =42 Standard Method[48]5 ©] 8314

Fastat. ST &Y A dAF AHAS FEAAFZH(GS-25
Advantec, Japan)® o33 3 FEE 106C AZR7]dA 1A ek AFxAZ

the, et Az AR AA A FdE AHEFS #Ete] wrSr] U9
MLSSY TEE =A39th MLVSSE MLSSE =A3 I E oA 550C A
Z2o A 1587 7A%3te] 3 (volatile) &S 3A 7l & Fo HaEs o]

g3te 24T

MLSS = (A — B) 1,000 (13)
v
o714, MLSS : ¥+ "A&E2 % (mg/L)
A 2o AxgddEHA 9 FA (mg)
B : Z¥E9 FA (mg)
VAR 29 (mL)
MLVss = (€= D\)/X 1,000 (14)
o] 7|4, MLVSS : 334 HEfE4d9 5% (mg/L)

C: 3etr] Ao FA (mg)
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2) 3383 AA LT Z(COD)

£ 7189 v AEFH A4 Q% (Biochemical Oxygen Demand,
BOD)¢} 3}sh4 A4 Q F2(COD, Chemical Oxygen Demand)® X & 3sl+=d], &
= WAl A vlwA hekg el CODE A5t & 771

o x5 YedAY. CODE  FA-stzl flsiAd COD  Digestion
Reagent(HACH, U.S.A)E AF&3t e, DR 5000 Spectrophotometer(HACH,
US.A)ZE =AH3A Y. 743k 2F38kA| (oxidizing agent)?! potassium dichlromate”}
S0+ vloldel AE(0~150 mg/L) 2 mLE Y 2A13F &< 7tEstH Aks)
H fF71E0] dicromate(CrQOf*)% Cri'2 3927 e 548 el =),
0~150 mg/L ¥91°] COD mhe] &2 o} QU= CrY (@A) F& 7IEoR A8
of F71EFS F43ATE. o] uiold ¢t v 2(Ag)> Fvf IS s, F
=(Hg)e daol2d o3 Hd S WA AEvExe && f7Es 54

s Aol vl
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=
a1l
1S
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Lo
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W
N
i
2
&
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A5 el EAsE GFAREE ARG AP) YRS B, o F

FPFE AANA 22 PFYE A9 YR oY FHOE Aste] FF

T FHEA FBEAE J]ESQ Test'N TubeTM Total Nitrogen
Reagent Set(Cat. No. 26722-45, HACH, USA)< A83te] 105TCelA 307t 7}
Astar AL7tA] WZhAZl B EAuso] whel X @sk $ 410 nmol A §EF
EA(DR-5000, HACH, USA)Z =43}

|

%9l9] »rl X9 EAM8 7J|EQ Total Phosphorus Test’'N Tube™

Reagent Set(Cat. No. 27426-45, HACH, USA)<S AF&3le] 150TCol A 3027 7}
deta WAzl Fof] AN whEl A & 830 nmolA FFF Al 9
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425 nmol A &%

Ammonia Nitrgen Reagent Set(Cat. No. 24582-00
Aol wer A >

sto] A3}
dEYold FA4e T
HACH, USA)S AMg3sto] Algs
TAAA SA A
4) = 4
A A7) HW OEXEXE golA Abgkulae]  JE=E4 7| (Malvern
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723 B84 54 18d EAM AR (capillary model), ZE°]EX 9 (film
theory model), # & o 3} #3729 (resistance in series model) So] A A E o] <)
ot oolelg o 7] Bd F AEARAPRDL 0 g AEFstetr] 9

Boq @4 HWsed dnHoR AgHm Aok

J = m (15)
t

o714, ] = permeate flux
AP = transmembrane pressure

1 = viscosity of the solution

R: = total membrane resistance

ol 7114 Rz th&3 #2o] yepd 5 3l

R,= R+ R,;+R, (16)

o] 714, Rm = membrane resistance

=
[

= fouling resistance

&
Il

cake resistance

M Rt mEs gEe A (1504 ARRe AEs] 9l Abge

th Ro® AHEEA @e BHBE xEFE of3E 9 4% & gov, RE
Aol FEE ¥ 2EFE clBdtel AF E FI% BRI 42 o) g5
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Table 4. Operating mode of FMSBR

A3

Qs

o} A EAHCHCOOH), 4 3}¢!

FAARE Azl

O}E.Er

(Unit : min)
Cycle-1 Cycle-2 Cycle-3
Anoxic filling 10 10 5
Anoxic reaction 110 110 55
Aerobic reaction 120 240 60
(non—suction/suction
Aerobic filtration 120 =20/20) 60
Total 360 360 180
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Table 5. Operating condition of FMSBR

Working volume(L) 15
Decanting volume(L) 6(Cycle-1, Cycle-2), 3(Cycle-3)
Aeration intensity(L/min) 10
Temperature(C) 25+2
Total filtration volume(L/day) 24

Table 6. Compositions of synthetic wastewater

Composition Concentration(mg/L)
Acetic acid 632.0
NH4Cl 172.0
KH>PO4 26.0
FeCls - 6H20 1.0
CaCly 4.0
MgSO, - TH20 50.0
MnSO, - H20O 3.0
NaCl 2.0
NaHCOs 1,500
COD 585
T-N 48.8
T-P 6.1
_ 38 -
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Table 7. Operating mode of FMSBR for the experiment of organic material

loading effect

Operational step Mixing Aeration Time(min)
Anoxic filling Yes No 5
Anoxic reaction Yes No 55
Aerobic reaction No Yes 20
Aerobic filtration No Yes 20
Cycle-4  Aerobic reaction No Yes 20
Aerobic filtration No Yes 20
Aerobic reaction No Yes 20
Aerobic filtration No Yes 20
Total cycle time 180

Table 8. Operating conditions of FMSBR for the experiment of organic

material loading effect

Working volume(L) 15

Decanting volume(L) 3

HRT (hr) 15

Temperature(C) 2542

Total filtration volume(L/day) 24
~ 40 -
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Table 9. Compositions of synthetic wastewater for the experiment of organic

material loading effect

Concentration(mg/L)
Composition
Run-1 Run-2 Run-3

Glucose 200 400 800
Peptone 30

NH4Cl 172

KH2PO4 14

FeClz - 6H20 1

CaClz 4

MgSOy - 7TH20 50

MnSO, - H20 3

NaHCOs3 750

COD 216 410 805
T-N 44.6

T-P 3.16
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3) A = SAV AAREH AFAG T WA= FF

FMSBRAA #4:9] %4} wAlo] we §71%5 dFdfie A7 was} ofx
4% W3S wiLely] 9lsto] Table 100] vhebdl vie} o] A4e] wel w

th = Cycle-5elA = #Hl =434 =91 Fo a7]ukgo] doj
oAM= He =R =9 Foll FAAL whgo] doju=s &3l

2 A AEgE #HF= Table 117 22 2SS Zte FHAFE AxsHH
A&t BA0O)Y, AAMN)Y 2 JAP)Heze 77 S F 32 (CeHiOs), A

SHIEH(NHLCD B QIAtol 4225 (KHPO)E ARSI
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Table 10. Operation mode of FMSBR

Operational step Mixing Aeration Time(min)
Anoxic filling Yes No 5
Anoxic reaction Yes No 55
Aerobic reaction No Yes 20
Aerobic filtration No Yes 20

Cycle-4  Aerobic reaction No Yes 20
Aerobic filtration No Yes 20
Aerobic reaction No Yes 20
Aerobic filtration No Yes 20
Total cycle time 180
Anoxic reaction Yes No 60
Aerobic filling No Yes 5
Aerobic reaction No Yes 15
Aerobic filtration No Yes 20

Cycle-5  Aerobic reaction No Yes 20
Aerobic filtration No Yes 20
Aerobic reaction No Yes 20
Aerobic filtration No Yes 20
Total cycle time 180

— 43 -
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Table 11. Compositions of synthetic wastewater

Composition Concentration (mg/L)

Glucose 400
Peptone 30
NH4Cl 172
KH2PO4 14
FeCls - 6H20 1

CaClz 4

MgSO4 - 7TH20 50
MnSOs - H20 3

NaHCOs 750
COD 410
T-N 44.6
T-P 3.16
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Table 12. Properties of Bio—Cube media

Parameters Values
Materals Polyurethane
Biomass-lasen density(g/cm’) 0.95~1.05
Density (g/cm’) 0.035~0.040
Tension(Kgy/cm®) 2.0~3.0
Tear strength(Kg¢/cm) 1.3~15
Elongation(%6) 180~250
Porosity (%) >95
Cell size(ppi) 25~40

Shape(mm)

5 mm cubic

Wear rate(%)

<1.0~3.0
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Table 13. Operation mode of hybrid reactor

Operational step Mixing Aeration Time(min)
Anoxic filling Yes No 5
Anoxic reaction No Yes 55
Aerobic reaction No Yes 20
Aerobic filtration No Yes 20

Cycle-4  Aerobic reaction No Yes 20
Aerobic filtration No Yes 20
Aerobic reaction No Yes 20
Aerobic filtration No Yes 20
Total cycle time 180
Anoxic filling Yes No 5
Anoxic reaction Yes No 25
Aerobic reaction No Yes 10
Aerobic filtration No Yes 10

Cycle-6  Aerobic reaction No Yes 10
Aerobic filtration No Yes 10
Aerobic reaction No Yes 10
Aerobic filtration No Yes 10
Total cycle time 90

47 -
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Table 14. Operating condition of hybrid reactor

Dosage of media (%) 0, 5, 10, 20

Working volume (L) 17.8

Aeration intensity (I/min) 25

Operating temperature (C) 2512

Flux (L/m’ - hr) 20 25 30 35 40

Collection @ jeju
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Run time(min)

Fig. 11. Variations of DO during the operation of FMSBR.
(Cycle-1 : anoxic reaction 120 min, aerobic reaction 120 min, aerobic
filtration 120 min, Cycle-2 : anoxic reaction 120 min, aerobic reaction
240 min(non-suction/suction=20/20), Cycle-3 : anoxic reaction 60 min,

aerobic reaction 60 min, aerobic filtration 60 min)
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Fig. 12. Variations of MLSS during the operation of FMSBR.
(Cycle-1 : anoxic reaction 120 min, aerobic reaction 120 min, aerobic
filtration 120 min, Cycle-2 : anoxic reaction 120 min, aerobic reaction
240 min(non-suction/suction=20/20), Cycle-3 : anoxic reaction 60 min,

aerobic reaction 60 min, aerobic filtration 60 min)
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Variations of COD of the permeate and removal efficiency during the

operation of FMSBR.

(Cycle-1 : anoxic reaction 120 min, aerobic reaction 120 min, aerobic

filtration 120 min, Cycle-2 : anoxic reaction 120 min, aerobic reaction

240 min(non-suction/suction=20/20), Cycle-3 : anoxic reaction 60 min,

aerobic reaction 60 min, aerobic filtration 60 min)
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Fig. 14. Variations of T-P of the permeate and removal efficiency during the
operation of FMSBR.
(Cycle-1 : anoxic reaction 120 min, aerobic reaction 120 min, aerobic
filtration 120 min, Cycle-2 @ anoxic reaction 120 min, aerobic reaction
240 min(non-suction/suction=20,/20), Cycle-3 : anoxic reaction 60 min,

aerobic reaction 60 min, aerobic filtration 60 min)
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Fig. 15. Variations of NHs-N of the permeate and removal efficiency during
the operation of FMSBR.
(Cycle-1 : anoxic reaction 120 min, aerobic reaction 120 min, aerobic
filtration 120 min, Cycle-2 @ anoxic reaction 120 min, aerobic reaction
240 min(non-suction/suction=20,/20), Cycle-3 : anoxic reaction 60 min,

aerobic reaction 60 min, aerobic filtration 60 min)
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Fig. 16. NHs-N concentrations and removal efficiencies in anoxic, aerobic step,
and permeate.
(Cycle-1 : anoxic reaction 120 min, aerobic reaction 120 min, aerobic
filtration 120 min, Cycle-2 @ anoxic reaction 120 min, aerobic reaction
240 min(non-suction/suction=20,/20), Cycle-3 : anoxic reaction 60 min,

aerobic reaction 60 min, aerobic filtration 60 min)
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Fig. 17. Variations of NO3;-N of the permeate during the operation of
FMSBR.

(Cycle-1 : anoxic reaction 120 min, aerobic reaction 120 min, aerobic

filtration 120 min, Cycle-2 : anoxic reaction 120 min, aerobic reaction

240 min(non-suction/suction=20/20), Cycle-3 : anoxic reaction 60 min,

aerobic reaction 60 min, aerobic filtration 60 min)
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Fig. 18. Variations of T-N of the permeate and removal efficiency during the
operation of FMSBR.
(Cycle-1 : anoxic reaction 120 min, aerobic reaction 120 min, aerobic
filtration 120 min, Cycle-2 @ anoxic reaction 120 min, aerobic reaction
240 min(non-suction/suction=20,/20), Cycle-3 : anoxic reaction 60 min,

aerobic reaction 60 min, aerobic filtration 60 min)
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Fig. 19.
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Variations of TMP during the operation time.

(Cycle-1 : anoxic reaction 120 min, aerobic reaction 120 min, aerobic
filtration 120 min, Cycle-2 : anoxic reaction 120 min, aerobic reaction
240 min(non-suction/suction=20,/20), Cycle-3 : anoxic reaction 60 min,

aerobic reaction 60 min, aerobic filtration 60 min)
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1) gH<=3A w529 W3

Fig. 2091 FMSBRelIA &7 AJ7bel]l w& MLSSe MLVSS®| W3ts et
Wi, Fig. 219l &4 Alzke]l wrE MLSSS #¥3HeS yeuido a2gdlA
B upel ol 2 Algke] Ao whel MLSS9F MLVSSe| sks A &40
2 Z7Fskaith. Fig. 200 vebd #vkel o] Run-19 4%, 7] MLSS9| F&=
2,860 mg/LolA %9 159 Folli= 3580 mg/L7HA F7H8ti e, 2534
FEZ 400 mg/LE 29 F7HRun-2)A17 O 79 Foll= 4470 mg/L7HA

T A 25329 55 800 mg/LE 28 F7FHRun-3)A17 oh
439 0] A Fol= MLSSS s=+ 13,300 mg/L7HA Z718k3ith. FMSBRol A
QAN 7 ] W2 MLVSSS % W3 ma MLSSe 7 s Bt
Run-1¢] 4%, 27] MLVSS9 FXx& 1,950 mg/Lold 29 15Y Foll= 2,780
mg/L7HA Z7 st o, 753249 52 400 me/LE 29 Z7FHRun-2)A1 71
O 79 $Foll= 3570 mg/L7HA S7Feklal, T oAl ¥ 329 FEE 800
mg/L=Z 2] T7HRun-3)A171 Ths 43YUe] A Fol= MLSS9 sx=%E 12,600
mg/L7FA Z 78kt MLVSS/MLSS®] e 7)== 0.684A4 095744 &
3 Frhstlem, Hte 0.842 ey w7 o] @4dEH A= MLSS

A AEE At AFE AQdstae WS 714 FSkh

AQ

s

o|\

T3k Fig. 21°] YERH B9 Zo] Run-1, Run-2 ¥ Run-3914 ¢ MLSS &%=
o] Hyr WM& ZH7F 478, 1483 % 1955 mg/L/day=A &FFZL>~ TLE7)
Z71E4E MLSS 5X9 #Hit WEee S7ishd, MLSS wx9 Hit WHals

o W FrMEL FFIQ A FEIt Z74E wEl Ay
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Fig. 20. Variations of MLSS, MLVSS and MLVSS/MLSS.
(Anoxic filling 5 min, anoxic reaction 55 min, aerobic reaction 120
min(non-suction/suction=20/20, Run-1 : 200 mg/L of glucose, Run-2 :
400 mg/L of glucose, Run-3 : 800 mg/L of glucose)
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Fig. 21. The change rate of MLSS.
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(Anoxic filling 5 min, anoxic reaction 55 min, aerobic reaction 120

min(non-suction/suction=20/20, Run-1 : 200 mg/L of glucose, Run-2 :

400 mg/L of glucose, Run-3 : 800 mg/L of glucose)
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2) 7718 R FFEFA AA

Fig. 222 4N 9 fF7159 Wste] @& CODe W3t % AAES
YERH A Y Run-1, Run—2 % Run-3°14] F¢4<¢ COD s%+ 77 216, 410
2 805 mg/Leldtt. Run-13 Run-29] 4% =¥ COD o] mA=ol 3]
B5 2bglElo] COD AlAE&] EF 100%°] Atk 53], Run-32 A $os =9

gdol FFF22 FE7F Run-19 474 S7HE A S0 = &3t COD Al
A& 988~100.0% (Htr 99.4%)= velwth welbd, fY959 2537222 %
o] Z71&84E COD A AEo] FHAstE Aol o} HF 98% olAtow =&

T % 2 AAELS 2H7 320 mg/Let 281%°] 3 th Run-29] 749+ Run-1¢°
Hlgl 2 2ol iAoy AAELS 326%2 I ASsid o, Fapdo Hat
FEE 300 mg/Leldth. 28 Run-39 %ol Run-13 Run-29] H|3] F
Aae] AAES w43 S7tete] TALS H AAES 904%0]oH, T
9 Hi FE+E 43 mg/Lol T}

Run-1, Run-2 ¥ Run-3¢ COD/N< 7}7} 48 92 % 181= COD/Ne°] <7}
TEHEQGA T o oA A H A Aae g4 whgo] HXE7Y
wjZojth ol A= MBR WFS7]olA COD/Ne| Hlgo] mE Ut it
AADEAA COD/NO gto]l F7ted+5E T-No| AAE&S S7ea57]= A9
Aol FAFSHA YERSE
¢l A A HoetE= M AEEE Acinetobacter, Pseudomonas, Micrococcus

ol €HA Atk old MAEES dU/27] 23S wdE dEA7Id, 37

J
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A S HAdg AASA Ha, s AFsta e AES A WE
Aoz A& AASA Ak 28y, B dFoAE 669 F
hA @ FAsAY FAATY fU)E Wskd wE T T-P sk
2 A AE HIE Fig. 249 YeEATY. Run-1, Run—2 ¥ Run-3¢ COD/P+
Zb7y 60, 114 2 2240l em T-Pol ths CODE H|7} F7hghe] wep F19
AAES F43 S7Fekd k. Fig. 250 Wiz npe} o] Fig=o] At F9 &
T AAELS Run-19 A%+ 2+ 311 mg/Le 136% = eI, Run—2%
2.33 mg/L9 35.3% ©]al, Run-3-& 0.25 mg/Le} 93.1%°] 3t}

Shin?}  Parke A3 %< SBR¥} PBCSBR(Porous Biomass Carrier
Sequencing Batch Reactor)S ©]&3% 1 A|A gk AFe|x COD7F 250
mg/Lol A 1,000 mg/L7FA] 57kt S ®, SBR¥} PBCSBR A&+ #1219 &

it
o

T= 2+ 11.1 mg/LolA 4.0 mg/L7HA, 10.3 mg/Lel A 0.6 mg/L7FA] 72 3%kch
= 23S 2ES vl JoH57]. B A= FEI CODe FHol A2 AA

of f-831 olgHol BE A AATES FL + AN Ao Frhach
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Fig. 22. Variations of COD of the permeate and removal efficiency.
(Anoxic filling 5 min, anoxic reaction 55 min, aerobic reaction 120
min(non-suction/suction=20/20, Run-1 : 200 mg/L of glucose, Run-2 :
400 mg/L of glucose, Run-3 : 800 mg/L of glucose)

_71_

@ jeju



Run-1 Run-2 Run-3
50 100
40 - - 80
-
o))
£
o 30 ~ - 60
©
0]
£
0]
Q20 - 40
Y
&)
|Z_- —— T-N
—— RE
10 A - 20
O T T T T T T O
0 10 20 30 40 50 60 70

Fig. 23. Variations of T-N of the permeate and removal efficiency.
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Removal efficiency (%)

(Anoxic filling 5 min, anoxic reaction 55 min, aerobic reaction 120

min(non-suction/suction=20/20, Run-1 : 200 mg/L of glucose, Run-2 :

400 mg/L of glucose, Run-3 : 800 mg/L of glucose)
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Fig. 24. Variations of T-P of the permeate and removal efficiency.
(Anoxic filling 5 min, anoxic reaction 55 min, aerobic reaction 120
min(non-suction/suction=20/20, Run-1 : 200 mg/L of glucose, Run-2 :
400 mg/L of glucose, Run-3 : 800 mg/L of glucose)
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3) TMP9 ®3le} oA

Fig. 25+ Run-1, Run-2 % Run-3¢] Z7dA 2 A|7te] w& TMPS ®
st UERd Aottt Fig. 26014 X nhel ko] TMPE= 1o e ¥ 304
A A T ek AEE Beold, & WEeE gtk 1y 309 o] % TMP
= 743 Stk 29 F 6099l 30 kPaZkA] et

o] Al S TMP7F 30 kPa 3o =gald 2AAch Al 4 f=g
v 2EAR T g9 FAE Aol Fo AAT ¥, 05% NaOCl &4 o
AAEAT A AEe] TMPE 46 kPazAl A4 o %7] TMPZ A<l 3
5 At

ol Aol = 2 (16)ol 4 YER vEel zEo] o] g5k Fol A 3H(RY)
& A AR, Aol AFR) 2 Fed AFR)LRE o] Fo1A] U},
Ae TES Fo &7 HEES 7AW R, Re B RiE 5743t Fig.
279l YEFHRATE Ry, Re, Re 2 Rl gt ZH2F 9.42x10%, 9.19x107, 9.92x10"° 2
1.37x10" I/mol3, R® #< 100%= atS A% Rot 97.4%, Ri7b 1.1%
a83 Rpol 15%E At fii-ie wAede wgde] PAHE Aola
of oJgt A3ow vpEpyit

Mo
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Fig. 25. Variations of TMP during operating time.
(Anoxic filling 5 min, anoxic reaction 55 min, aerobic reaction 120
min(non-suction/suction=20/20, Run-1 : 200 mg/L of glucose, Run-2 :
400 mg/L of glucose, Run-3 : 800 mg/L of glucose)
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Fig. 26. Resistances in FMSBR.

(Anoxic filling 5 min, anoxic reaction 55 min, aerobic reaction 120
min(non-suction/suction=20/20), Run-1 : 200 mg/L of glucose, Run-2

400 mg/L of glucose, Run-3 : 800 mg/L of glucose)
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1) &d<=8A s ¥

AN ZAIpe] wE wkS7] vle] MLSS 2 MLVSSe| s=w¥W3lE Fig. 2790
YER AAtE Fig. 27914 H&= wheb #Zo] MLSS®F MLVSS+= %A zte] 7 3§
of wel A& o7 F7redth Cycle-49l4 ¢ MLSSE 2410 mg/LolA 854
A Folli= 11,740 mg/LE F7Ft 3, Cycle-5o14¢] MLSS+= 3 x7]0
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Fig. 27. Variations of MLSS, MLVSS, and MLVSS/MLSS during the
operation of FMSBR.
(Cycle-4 : anoxic filling 5 min, anoxic reaction 55 min, aerobic
reaction 120 min, Cycle-5 : anoxic reaction 60 min, aerobic filling 5

min, aerobic reaction 115 min)

_78_

Collection @ jeju



2) 7718 R FFEFA AA

EQEAZE B2 FMSBROIA A7kl @& F3k49] COD k= 3
AAE HIE Fig. 289 e Cycle-4¢9F Cycle-5¢] COD9 AAEE =
T ARz A el wel & W7 gl e, Cycle-4¢9F Cycle-5¢ COD<J
AAE Aol= gldtt Cycle-49lA F3k=¢] Hyt COD =9 Fd AAES
Z¥zy 352 mg/Let 99.13%°]aL, Cycle-b5olA F32 Hit COD FE9 ¥
AAES ZH2E 3.86 mg/Let 99.05%°] ot Wb, FMSBRel A #l¢ =9 ©
of #Aglel CODS AAEE =4 YErs

Fig. 29 35 =97} th2 FMSBROIA @ 7A 7] wpg F a9
o] ¥=9 AAE WHelE yebd Aolth Cycle-49 Cycle-50A4 9] Fa
FE WsE 4 2718 Adstae A Wt sley, Sold v @ A
Cycle-4°| A ¢ T34 T-N %7} Cycle-59lA 9] T4 T-N FEHT} f
vholth= Aotk &4 AlZte] wE Cycle-49F Cycle-5914 ¢ 34 T-N
T 47 62~340 mg/L (F+ 112 mg/L)¢t 166~37.0 mg/L (i 254
mg/L)ol™, T-N AAELE 2+7F 19.1%~85.2% (Hat 73.3%)2F 11.9%~60.5%
(Hat 39.6%) ]9t} Cycle-49] T-N #| A& Cycle-59 H]s] oF 1.8¥] =4 1}

B soR wol f5(l) Y Fol TALRS Fol BrweE AAshe

[eini)
s

2

T-
T-

FIOZZ

off o

g 9Ae RO o] Folxy] AAME F71%e] BLIHAL Cycle5 7
$ole 957t =99

Cl
Hisl w7 Ho] 240 A&l 2 AoE ARH
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MBMBR(moving bed membrane bioreactor)olA] COD/T-N H]7} 89 uj A3
g 23S T-N A AE 70.0% FAE A5 HERJATH63].

EAGAZE o2 FMSBReIA A7k whg T3] T-P
ol =& AAE WEE yerdl Aotk Cycle-49F Cycle-5ollA Faka9] T-P
T& Wste ZH7) 0.29~1.44 mg/L (33 0.70 mg/L)¢t 0.62~1.60 mg/L (33
1.14 mg/L)ol™, T-P AAEL Z+7F 532%~90.4% (Ht 77.3%)eF 47.9%~
79.8% (Bt 62.9%)°1Ath. T-Po] AAE As> T-No AAE As vl
gom Cycle-49 -7} Cycle-5° #®]a] 1.28] =4 e
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Fig. 28. Variations of COD of the permeate and removal efficiency during the
operation of FMSBR.
(Cycle-4 : anoxic filling 5 min, anoxic reaction 55 min, aerobic
reaction 120 min, Cycle-5 : anoxic reaction 60 min, aerobic filling 5

min, aerobic reaction 115 min)
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Fig. 29. Variations of T-N of the permeate and removal efficiency during the

operation of FMSBR.

(Cycle-4

reaction

anoxic filling 5 min, anoxic reaction 55 min, aerobic

120 min, Cycle-5 : anoxic reaction 60 min, aerobic filling 5

min, aerobic reaction 115 min)
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Fig. 30. Variations of T-P of the permeate and removal efficiency during the
operation of FMSBR.
(Cycle-4 : anoxic filling 5 min, anoxic reaction 55 min, aerobic
reaction 120 min, Cycle-5 : anoxic reaction 60 min, aerobic filling 5

min, aerobic reaction 115 min)
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3) TMP9| ®3}

FMSBRE @ Ho] 5 S A v A= glormz 3 21 3

2o wl Aol UAWF o gow olate] TMP F717F oF7jdt}. o9 2

& ool o= A= APHE TMP & FH2 35& fste] A" 24
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4 AAS AAskdd. TMP7E oF 30 kPaoll =23tls o, &

N Aol T ~EAS} tap waterZ U ¥l HAHE AolAE AAS
% 5000 ppm NaOCl &4 o 2 =S AT
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AR Fof TMPE 22t 75% 66 kPazA, A4 § TMPi= Cycle-49
Cycle-5o4 EF &4 %27]¢ TMPE A9 3E=ct AAF & Cycle-49 &
A AIZH & TMP+ Cycle-59] TMPOl H]3&] tha =4 YEstey, + 3
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21 (15) 2 4 (16)5 ol&3t 7 o#A 3 F& Table 1591 YEFHRATE Cycle-4
gk Cycle-59] Ri= 7474 42.11x 10"/me}b 21.61x 10"/mZA Cycle-59] H] 3l
Cycle-47} ¢F 2v) =4 YElton o= Fig. 3194 89¥ F o TMP =433
H 523t A¥E Wtk Cycle-49F Cycle-59l4 Aol Age] w&e Zhzt

_84_

Collection @ jeju



90.19%¢}F 91.34% = A "o ap A gke] L Aol A (RooIAH. o= A3

A7 F9 K/1E FES WHd hE JFAF AA 54 #Bd A7
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Fig. 31. Variations of TMP during the operation of FMSBR.
(Cycle-4 : anoxic filling 5 min, anoxic reaction 55 min, aerobic
reaction 120 min, Cycle-5 : anoxic reaction 60 min, aerobic filling 5

min, aerobic reaction 115 min)
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Table 16. Filtration resistances in the operation of Cycle-4 and Cycle-5.

(Unit; < 10"/m)

Cycle—4l) Cycle—52)
Rm 1.24 0.98
(%) (2.95) (4.52)
Ry 2.89 0.90
(%) (6.86) (4.14)
Re 37.97 19.74
(%) (90.19) (91.34)
R: 42.11 21.61
(%) (100.00) (100.00)

1) Cycle—4 : anoxic filling 5 min, anoxic reaction 55 min, aerobic reaction 120 min

2) Cycle-5 : anoxic reaction 60 min, aerobic filling 5 min, aerobic reaction 115 min
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4. =Nt FMsBRE ZElel 2dsFe MelgEd ot

am
0x

A< FMSBRS Aje &4 wb&7|(hybrid reactor)® Z=EX3E SAE
FMSBRE] HFS-H-IE 7|02 (0%, 5%, 10% % 20%E wH-s7]o Folste] o
Ae] FogFe] mE EATA WSTlAA FUlE R FEFIF AAEE R &
A ARbel wE TMP] ®aks A&t B3 4 T8+ TMPZF 20 kPa©l
°F 30d el A

,?4
20 kPa®tt =7 =Esto] S FREAT. AT 44 W
T

1) &d<84 5= ¥3

Fig. 32¢} Fig. 33el+= &4 w&7]olA Azt & MLSS9 MLVSS
o] v W3E v & AT AFEE &4 whE7] %= FMSBRelA ¢ 2
o] &A= o oa] EF uix S
of 94zt A7) BAS fst AES AFTE A ol9dolE wlEEA kokth Fig.
330 YERd mRe}l o] MLSSE SdA|zke] A uteto] uwie}
= 2,690 mg/LolA 8270mg/L7HA], FA(5%)= 2,620 mg/Lol A 15670 mg/L7}+
A, FA(10%)E 2,720 mg/Loll A 15490 mg/L7FA, ©A41(20%)% 2,730 mg/Lol
A 15320 mg/L7HA A &H o w ZFrtslgdth EE Fig. 3404 HE upel 7ol
MLVSS®| &% A zke] Aol wel gA7F gles w871+ 2,160 mg/L
ol A 7,100 mg/L7HA, BA(5%)% 2,040 mg/LolA 13,060 mg/L7FA, A (10%)
2 2,060 mg/Lol A 13,360 mg/L7FA], & A1(20%)% 2,040 mg/Lell A 13,160 mg/L
7HA Z 78k At

AT WS gAY FEZE 0%, 5%, 10% 2 20%Z RS o
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Fig. 32. Variations of MLSS during the operation of hybrid reactor.
(-@- 0% of media, -l- 5% of media, -¥- 10% of media, —¢-
20% of media, 20, 25 and 30 LMH of Cycle-4 : anoxic filling 5 min,
anoxic reaction 55 min, aerobic reaction 120 min (non-suction/suction
=20/20), 35 and 40 LMH of Cycle-5 : anoxic filling 5 min, anoxic

reaction 25 min, aerobic reaction 60 min (non-suction/suction =10/10))
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Fig. 33. Variations of MLVSS during the operation of hybrid reactor.
(-@- 0% of media, -l- 5% of media, -¥- 10% of media, —¢-
20% of media, 20, 25 and 30 LMH of Cycle-4 : anoxic filling 5 min,
anoxic reaction 55 min, aerobic reaction 120 min (non-suction/suction
=20/20), 35 and 40 LMH of Cycle-5 : anoxic filling 5 min, anoxic

reaction 25 min, aerobic reaction 60 min (non-suction/suction =10/10))
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Fig. 34. Variations of COD concentration of the permeate during the operation
of hybrid reactor.
(-@- 0% of media, -l- 5% of media, -¥- 10% of media, —€—
20% of media, 20, 25 and 30 LMH of Cycle-4 : anoxic filling 5 min,
anoxic reaction 55 min, aerobic reaction 120 min (non-suction/suction

=20/20), 35 and 40 LMH of Cycle-5 : anoxic filling 5 min, anoxic

reaction 25 min, aerobic reaction 60 min (non-suction/suction =10/10))
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Fig. 35. Variations of COD removal efficiency during the operation of hybrid
reactor.
(-O- 0% of media, ~0 - 5% of media, - V - 10% of media, - ¢ -
209 of media, 20, 25 and 30 LMH of Cycle-4 : anoxic filling 5 min,
anoxic reaction 55 min, aerobic reaction 120 min (non-suction/suction

=20/20), 35 and 40 LMH of Cycle-5 : anoxic filling 5 min, anoxic

reaction 25 min, aerobic reaction 60 min (non-suction/suction =10/10))
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Fig. 36. Variations of T-N concentration of the permeate during the operation
of hybrid reactor.
(-@- 0% of media, -l- 5% of media, -¥- 10% of media, —€—
209 of media, 20, 25 and 30 LMH of Cycle-4 : anoxic filling 5 min,
anoxic reaction 55 min, aerobic reaction 120 min (non-suction/suction

=20/20), 35 and 40 LMH of Cycle-5 : anoxic filling 5 min, anoxic

reaction 25 min, aerobic reaction 60 min (non-suction/suction =10/10))
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Fig. 37. Variations of T-N removal efficiency during the operation of hybrid
reactor.
(-O- 0% of media, ~0- 5% of media, - V - 10% of media, - < -
209 of media, 20, 25 and 30 LMH of Cycle-4 : anoxic filling 5 min,
anoxic reaction 55 min, aerobic reaction 120 min (non-suction/suction

=20/20), 35 and 40 LMH of Cycle-5 : anoxic filling 5 min, anoxic

reaction 25 min, aerobic reaction 60 min (non-suction/suction =10/10))
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Fig. 38. Variations of T-P concentration of the permeate during the operation
of hybrid reactor.
(-@- 0% of media, -l- 5% of media, -¥- 10% of media, —€—
209 of media, 20, 25 and 30 LMH of Cycle-4 : anoxic filling 5 min,
anoxic reaction 55 min, aerobic reaction 120 min (non-suction/suction

=20/20), 35 and 40 LMH of Cycle-5 : anoxic filling 5 min, anoxic

reaction 25 min, aerobic reaction 60 min (non-suction/suction =10/10))
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Fig. 39. Variations of T-P removal efficiency during the operation of hybrid
reactor.
(-O- 0% of media, —-0O- 5% of media, - V - 10% of media, - < -
20% of media, 20, 25 and 30 LMH of Cycle-4 : anoxic filling 5 min,
anoxic reaction 55 min, aerobic reaction 120 min (non-suction/suction

=20/20), 35 and 40 LMH of Cycle-5 : anoxic filling 5 min, anoxic

reaction 25 min, aerobic reaction 60 min (non-suction/suction =10/10))
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Fig. 40. Variations of TMP during the operation of hybrid reactor.

(== 0% of media, --~-5% of media, ==== 10% of media, ==--== 20%
of media, 20, 25 and 30 LMH of Cycle-4 : anoxic filling 5 min,
anoxic reaction 55 min, aerobic reaction 120 min (non-suction/suction
=20/20), 35 and 40 LMH of Cycle-5 : anoxic filling 5 min, anoxic

reaction 25 min, aerobic reaction 60 min (non-suction/suction =10/10))
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Fig. 41. Particle size distribution in hybrid reactor.

(-@- 0% of media, ~V - 5% of media, -l- 10% of media, —-
20% of media, 20, 25 and 30 LMH of Cycle-4 : anoxic filling 5 min,
anoxic reaction 55 min, aerobic reaction 120 min (non-suction/suction
=20/20), 35 and 40 LMH of Cycle-5 : anoxic filling 5 min, anoxic

reaction 25 min, aerobic reaction 60 min (non-suction/suction =10/10))
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Fig. 42. SEM of membrane surface: (a) without media, (b) with media(5%).
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Fig. 43. Mechanism of cake layer elimination by media in FMSBR: (a) without

media (b) with media.
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Table 16. Comparison of activated sludge, FMSBR and hybrid reactor

Activated
FMSBR Hybrid reactor
sludge
Settling tank
Yes No No
need
Removal
Normal Very excellent Very excellent
efficiency of SS
Removal
efficiency of Normal Excellent Excellent
nutrient
Plottage Large Small Small
Membrane

- Short Long
cleaning interval
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