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Characteristics of a Wastewater Treatment in
Submerged Membrane Bioreactor with Internal

Circulation by Aeration
Dong-Lyong Jang

Department of Construction and Environmental
Engineering
Graduate School of Industry
Jeju National University

Supervised by Professor Ho—-Won Lee

Summary

The objectives of this research were to develop submerged
membrane  bioreactor(SMBR) being capable of internal
circulation by aeration. The wastewater treatment
characteristics of SMBR designed in this study were
investigated. In this experiments, a couple of flat—sheet
microfiltration membranes made of PVC with a pore size of 0.4
um were used. It was confirmed that wastewater in anaerobic
region was circulated to aerobic region by aeration. Mixed
liquor suspended solid(MLSS) concentrations in the aerobic
region of MSBR were decreased with operation time. To

prevent the decrease of MLSS concentrations in the aerobic

v —
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region, various kinds of method were tried. In this
experiments, MLSS concentrations in the aerobic region were
in the range of 3,030~506 mg/L during 43 days of run. As
MLSS concentrations in the aerobic region were decreased,
The removal efficiencies of total nitrogen and total
phosphorous were decreased. But the removal efficiencies of
COD were not effected by MLSS concentrations. The average
removal efficiencies of COD, total nitrogen, and total

phosphorous were 99.53%, 53.46%, and 42.39%, respectively.
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A L AHgA| o] HA| A&
2 2002)

ey QB Axvle 7Ee] BHEHA Asde Peue A

qg FoQome AAEss A 5 At U Bold A FEET

rO

(concentration polarization) @72} 2 2 ¥ (membrane fouling) @GO =

stol A 2"lel e AAlYol A4S AstEHER o5 AT F U=

glom, 1AW Helw gL edol puaa S84 WA Ede A4
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dub el HAsA A FdAT] e AAL A - (screen)d} I
AX scEAAE 124 A sta, 24 S84A 52 4
ol el of% AEstd A& 22k A2t o, o] 1, 23 AYEA v

o A, 9 59 IYEF EHI FEAME =4S AAsY] sk AHEE

o

oL

AbeH S TR o2 AESH HBEFAHAO FH, A

M SBR &4, Bardenpho &%, UCT +%, VIP &%, Sidestream 3%), %

@)
o

HEE2H Phostripa ¥ ¢ 4ubH
oW, & FEWw1 Qe FYEI}H neAy FHOEE ICEAS(Intermittent
Cycle Extend Aeration System), CASS(Cyclic Activated Sludge System),
CAST(Cyclic  Activated  Sludge  Technology),  OMNIFLO(Omniflo
Sequencing Batch  Reactors System), AqualMSBR(Aqua Modified
Sequencing Batch Reactors System), Fluidyne SBR(Sequencing Batch
Reactor), PSBR(Pumyang Sequencing Batch  Reactors  System),
KIDEA(Kumho & KIST Intermittent Dcanted Extended Aeration),
PAD(Phase Isolation Ditch), DNR(Daewoo Nutrient Removal) %
Bs(Bio-Best Bacillus System)s©] 28531 ot (H 374 7], 2006 ; o g
et =ers]. 2007 5 A Fes]®]. 2998 ; Octave Levenspiel, 2000 ;
Fane, a.g., 1996 ; Hang-Sik Shin, 1991 ; Tanya A et. al, 1996 ; Ueda T.
et. al, 1996 ; Vogelpohl. A., 2000 ; Wilen, et. al, 1999 ; Xia Huang. et. al,
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22. AETH %A Wi

221 BestA AaMN)e] AA

A2AA PHo2E 24 A d22 AAsE =sisty Py 234
Ael2Ao A A2 AASN= ABSA AxAA o] Q. AEsd 2
AAAE GAH o7 el E TS ok

A 1SA (AR BA) - AsEe] guiolLe] 574 2ANN QAT

of osf Aeststa st or A EAANO-N, NO;-N)= 4hstd o},

Nitrosomonas
(NHs - N )+ 150, -~ >NO2- N - (1)
ol ALk
Nitrobacter
(NO;- N ) + 050, ——————————- >NO3s-N —— (2)
2 Ak

A 2GA(FAGA) A 194 vbgA I AAdd DA A ANO: =N, NO3
-N)7F Fab4a el A B4 d 7]l B& i ((Pseudomonas, Micrococeus,
Achromobacter 5)dll 93] AA7t~=2 FAste] AAHG. oju) A AT
dgFdow Barl REEE Wuda2i e F7)ES Hrlstojof gl

ARG AL BARGe the 2ot

=

Pseudonmonas, Micrococcus, Achromobacter
(ENC5-N)+5CHOH > NG T+50CH+THO0H ——-(3)

LEARE

Pseudononas, Micrococeus, Achromobacter
(ENCz-N)+3CH:OH > 3N T+30CH3HO60H ——— (4)
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of whgolA Aibo] o] FAhFEA
< 2Ah AE, MeE, GR(EFAL) sl AREEHY FA e H&o] '
o] &AWt o] FeA wWgkEo] FPF AA Aot {7 ©AhfdoR 349
BODE o] &3stAY mA=9] Aol o3 AHHE F71=5 ol&d F
At dasigrgo s 7 =[HCOs [7F AHjEEE pH7E wolbx] i,
SR A = W R oZe =) A E o pHE =715 "k

Meddiess FAAS o &2 A 6)% 2

o

H

3NHs + 20CHsOH + 1502 — 3CsH7O:N + 5CO2 + 34H.O ————- (5)

222 AEA QA(P)Y AA

AMP) AAYHomE AL 24 A= & BFde =254 A
THQ A3 & (CasOH(PO)) A AW, AAEIY & A-dFugd F
ol Jdown, 223 AYTAS hdoE I Afde A=A AZFHQ
d71-57] &4 &AW, Phostrip¥l 2 SHARZE &4 AR Sol A
o AEA Q AAE dAA R YEd tadt 2.

A 1gA ¥ 7]3 e (anaerobic  condition)dl Al UAIA  E] A E(PAOs:

. M

A

phosphate assimulating organisms)< A3 9] &z A Poly-P)o] 7}
3 Fo] HJALPO, Pz e BEET, FAd 3+ Ul F71ES
gz 59 712 (PHB:poly-B-hydroxybutyrate) & A X o] A &Et}t 29

= oIS [e) [e)
PEHEE dNHoR T F9) §78 FE/t 294 At BE

il

112

AP0, P) F&E9 3~5H] JE7tA WEH,

7] (aerobic condition)ol &= MEW AFH 7]do] A3}
Bajwo] 7HAwt A A v A E(PAOsphosphate assimulating organisms)
= ol FALHPO+P)E& FFdtet A=Y A HBedk ¢ oo
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PO, + ADP = ATP ~—= -~ (ATP BZ9] W) - ©
(PO ) + S = (PO ar + S - PO ————(Poly-P9] £3]) —————-—- 7)
S -POf +X =S -X+POS ————-- (Q1Ako] WFZ) ——me (8)
(POs* )a + ATP = (POs* )nuy + ADP ———- (Poly-Pe] %7) ————on- 9)

714, (PO e ZE& Q4 (Poly-P)ol 3L, (POS us 23 2w Z 4
(Poly-P)olal, S+ AMAEWZ 48td 7] 2 (PHB:poly—B-hydroxybutyrate)©] ™,
XE 9 AA mAE(PAOsphosphate assimulating organisms)Al 3 & 2 o]t}

(o]F% =, 2008)

o] old TalHQl AR (sieving)l old] AelHe Teld 2w 4
2 AFF Aot FALel AgsHE BY JEedl: AU HMF,

microfiltration), 9o ¥H(UF, ultrafiltration), }x=o] Z(NF, nanofiltration),

A (RO, reverse osmosis)s o] A=d, T AEUZ T F2 AFEEHE &
gl 92 A o] 3ak(MFE, microfiltration)©] t.
w8 A7 FHLE FAXA(RAYY, HFE, 25), Ty 54
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T, 2FA), ARA AA(GAS] 27, B T3 FAY FE)Te 2id
uet AR ET 2o od A4S Adste e A0 22 HEo
A g X el (Resistance in series model)o] AF&¥ ™, 2 T3 {3y} wp £}
g9 HA= v A 2k
AP
L g (10)
U x R
o714 J= F3}AAE(Permeate flux(m'/m' - s))olil, APE al 742} 9k

(Transmembrane pressure(N/m))o] i, pE= &9 HX=(Viscosity of

permeate(N - s/m’))o] ™, Ri= % A3 (Total filtration resistance(m '))o] .
T o o AYgE v Zo] o] FojXit

Re - Rm + Ri + Re  ——-————tmmmmee oo (11)
o714 Rme YA & (Membrane resisteance)©]il, Ri= F34 & (Fouling

resisteance)©] ¥, R.x= 7] = 4 3H(Cake resisteance)®] t}.

o AYS o Fo Y U Ry 4Pew wAw gon A4 w A

Felsh BALel F AN g 2 RS AAsa glon 7
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ol3 Agte] HL&L F AHAF o 51~97%E A e HAoE HUFH
ATh.(F1A, 1996 ; 4153 5, 2008 ; Chang, 1999 ; In-Jong Kang, 2003 ;
8- 2005)
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54 59 18ES AP A(strainen)Z A A E AX T, 2 Aol 4§
1 JAE HAE v A=A E AAEaL, Aol faHe =
HdA Al B dtElolE AAGT] fete] AdZA R AEAE & A
gdEetAY BRFAR BRAT £ A LA TAEE Y=

2 R37Y % uAe 55 Ed @ ¥ FFeAedY A @7

HoAg Ao Alg3d w79 APTEE Fig. 2 9 Fig. 391 YER AT
uhg-7]e] ARl F7]% 9 R Hu(flate membrane), AT HFE T
swdA (blower), A2+E FEA717] flste] E2idtdd dZ2¥ FYH=
(suction pump) 5 TAE Fig. 29 Zow $AFA FAL &3 Z(feed
pump)E HFE oF AZ F w37 R VxR FAFE FYstA
2 AFoA AHS® W§7]el ZV]+ Fig. 3% #Zo] 7IE 245mm, A=
334mm, #°] 983mm= AP Hd B #FAHS gActstel F9 of2¥
AL AbEste] AP EA ] AjpetA RFEUAT w79 fFEH 9 (working
volume)= 27|% % 7|z H3 "L o 112 Ak 371%

d7]x 2684 L= T4t w87 AR 371 i T4l BH(flate
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bl He5E AYWL Fo
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Fig. 1. Schematic processes of submerged membrane bioreator system.

13 -

@jeju



FEED PUMP

0]

SLUDGE PUMP

@
=t Pifp——
No. | DESCRIPTION REMARK
(1) | FEED PUMP LG—PH043D
(2) | SUCTION PUMP BP—90361
(3) | SLUDGE PUMP BP—9D36
(4) | BLOWER AD—40

Fig. 2. Schematic diagram of submerged membrane bioreator system.
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Ao AbE-H H 9 (flate membrane) =W PALe] PVC Ao XA
oo 7 ¥ A7|(pore size)= 04mo]™, 2 WAL 0.17molth E Ao
Abgq Bgjute] AFkS Table 19 YERQA T
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Table 1. Specification of membrane

Membrane material PVC
Membrane type Flate-sheet type
Pore size(um) 0.4
pH 2710
Temperature(C) 27 38
Hydrophobicity or Hydrophilicity Hydrophilicity
Total surface area (m’) 0.17
18 -
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Table 2. Composition of synthetic wastewater

Composition Concentration(mg/L)
Peptone 30
Glucose 400
NH4CI 172
KH2PO4 14

FeCls - 6H20 1
CaCly 4
MgSO; « TH20 50
MnSQOyq - H20 3
NaHCOs 750
CODcr 410
T-N 42
i -P 3.95
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oA Agd FAEA Wye Standard Methods(DR-5000, HACH,

3}82 AFAQ T E(CODer:  Oxygen Demand, Chemical)e  CODere
DRB200 Reactor, Method 81902 Z=A3tth Al&E 32HAA o 3o
KoCr:07 A TATFES P 247 7FEibs A7l b 2vlE SaFALFY
FE T3kl fdE BAEHA g

A

doz HAste] Algo] < 3

ot H6 3182 (MLSS: mixed liquor suspended solid)s &+ ¥HS-Z 1
o A= =S MLSSEA ZAs At A& 10mLE 24+ (GF/C)el
ARG 105CoNA 1A FA & § FAE S Tt & A2da
(TKN:Total Kjeldahl Nitrogen)= TKN-2> DRB200 Reactor, Method 10071=%
7438ttt % <(Total Phosphorus) TP DRB200 Reactor, Method

8190% =48kl
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42. &4 &A1 9] MLSS W3}
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Fig. 5. Variations of MLSS as a function of operation time.
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Fig. 6. Variations of MLSS and CODcr as a function of operation time.
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Fig. 7. Variations of MLSS and CODecr removal efficiency as a function

of operation time.
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Fig. 8. Variations of MLSS and T-N as a function of operation time.
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Fig. 9. Variations of MLSS and T-N removal efficiency as a function of

operation time.
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Fig. 10. Variations of MLSS and T-P as a function of operation time.
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Fig. 11. Variations of MLSS and T-P removal efficiency

as a function of operation time.
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