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Advanced Wastewater Treatment

using single reactor with Microfiltration

Eun Ju Hwang

Department of Environmental Engineering , Graduate School ,

Pukyong National University

Abstract

Membrane bioreactor using submerged hollow fiber membrane was applied in
laboratory scale to treat synthetic wastewater. The bioreactor was intermittently
aerated to  alternate anoxic/oxic condition while membrane filtration occurred
during the aeration period in suction mode. The air bubble generated during period
served two purpose; 1) supplying oxygen to the mixed liquor, 2) washing the
membrane by creating turbulent flow around the membrane surface. Membrane
fouling became severe every 30~60day operating but easily restored by back
washing and chemical cleaning using NaQCl The intial flux and suction pressure
were maintained almost constant at 0.01-0.02 m/m'/hr and 20cmHg. With Shr of
HRT and a very long SRT(67days), 98% of CODc¢. could be removed. In average
removal efficiency for T-N and T-P were 80% and 53%, respectively. Ammonia
were completely removed. Results from cycle studies revealed that 20~ 30minutes

was required for complete denitrification.
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Figure 2.1 Biochemical model of phosphorus and organic material under anaerobic

and aerobic conditions(Grady et al, 1999).
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Figure 2.2 Separation ranges of the membrane processes.
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Table 2.1 Characteristics of Membrane operation (Taylor et al, 1989)

Process Mechanism  Exclusion Regulated solutes rejected by process
Pathogens Organics  Inorganics
EDR C 0.0001 ¢m None None Most
RO S.D 0.0001 zan CBVv DBPPs, SOCs Most
NF S.D 0.001m CBYV DBPPs, S0Cs Some
UF 5 0.001zm CBYV None None
MF S 0.01m CB None None

Mechanism: C=chage, S=size exclusion, D=diffusion
Pathogens: C=cysts, B=hacteria, V=viruses
Organics: DBPPs=disinfection by-product precursors, $0Cs=Synthetic  Organic

Compounds

w wEel pzet A6 ZFa¥ 2B& o EdolMe el Hrolt &
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Hollow fibers® 714 & Cabasso(1980)ell o8l 2 ¢t=|212m, pore size™ Tt
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(1) Polysulphone(PS)
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ey A2 4 (hydrophobic) el £4S Aus, &% (chlorine)s] ®1AskL, ¥ HA
c},

(3) Ceramic.

g EeAel Adz zAe T vaw o denetel sbxe s FHez
o & grelo] e AN (2MPa)

o oheel fluxE 2E F Uch

e ;oo @ uE e 7HdoeF 140T).
pH Wl 7k ekpH 1 ~14),

.
ru(;
r‘to r

(4) Cellulose acetate(CA)

SR 7y il R (hydrophilic)?l S48 AU, o B (chlorine)o} thgh A3
o] lom {wo] §o] vpir wnyc z2y &d pHE 4-79 w2 ) ghEl o
lor #AzF A sojMi IH9, A FH 2ET A ghsio] drh

N

2.4 =847 fouling

oluisl FEEW ¥5E FZ(concentration polarization) @42 % . (fouling) & #
T 2RI 594 Fo £33 FEIL HEY
A owAE fae wonc we o yrpulzh FAEET 0§ FEES Ao

7 &} folo] e Eaete] wel, wEoMe fFel 53 EF(convective

lo
H
Rl
oo
o
E
°
o
1
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flow)ol $U42 &40 o s Yuo o ANA dch 2 A3 % BAAAS
g9 et Z8A Ao oy FEEIAYE s dolve pALoz o
gel @ 7hx7} gk,

1) ZEele] AE<QHosmotic pressure)®l Z7t2 Sl flux #FHAE ZdstA o
2) BtE A solute? flux7t F7HstAl €th
3) ek sigme] g0 ¥Evh ST E 2ustd, 39 HHEo] 4, %4
229 28(pore plugging)S ZA3HA =3, WA water flux7h ZAasAl Ao
4) 9 ¥2] 54 (properties)®} ®H3E =g}
5) =, 99 2o 9AE 71H % 59 BFe FAHE Hustn, wel 79 wY
2 zdsld water flux® AZA71E foulingol ¥oldrch

ole}d %% B 2#Akconcentration polarization)2 EWe| £oiol FES FI
212 (bulk feed solution)®) F=7t TE5A s A& 2%, o2l v= =4
g A 4 ook
2 A (fouling)el W2 fluxzael el sl mechanism® 2 thg i Zol werg 7
AU LT,
1) 2 FodacMe &2 %2 (gel polarization),
2) cake® A o8 %R =F=(concentration polarization laver)ellAle] wl7peH
s 94,

3§/t Eds] §4 3,

14

=2

flux 72 ZuoA 29, 7t A(reversible), Bl7F HFlirreversible)d] 422 &5

ﬁ

27 fluxel wart saeHe d4Rz g Zd Heug ety Al o
sun ~ gs A% WA edolen sul, #7] segeld ¥l sl F
/3 o}

vzled"el oo Wi 24 A(hydrophobic) 2HllAd W& pH, ®& ol 4=
(ion strength), 2142 (calcium phosphate)o]l &3 §aisel At A+ 5. 5

# = (isoelectric point) $ 1t o & A el delvbe F el 212t of

225 gtol @& 3 flux'd 3
27} UF fluxs TMP7} Z7hdtell wel 48 H(linear) 22 Z7HeA1%, o8 §
K<}

(4

ek gt@ = A Shel(critical pressure)ol EEEA =W, o o} fluxZt 7184
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3 pzho]l UYehdTh oldel fluxE mass transport-limited flux@t o}
HAH

3 o oA A AWE(fluid phase)l A el ZAAge] % FP(mass transfer effect)
e el F= Zolw ol u AAWHe] uwiAE FS(rejected species) 9] A
(buildup)oll &8l YojutE HAelrt,

2.3 Mambrane Bioreactor(MBR) &4
231 MBR 23¢9 EH
o] TAL 2YYL HF AHAE
pAEE 7bsetA stn g g BHE et
D MEugzziyg n4dE8 F3F
(10000-20000mg/L) 2 2 2 4 k(o] A3}, 1999).
2) 5o g Eel FAEHL
kgt Aoz TAES T A % AL FF BOD 3mg/l olEtE
g & 4 ri(el A&, 1999).
3y mETe pAlZo ¥5r7 FAHD2 e §U5E Hsted oy HFA
?Mhydrauric retention time, HRT)ol 71& F3 e 50% elatejrh(e] %}, 1999).
gy dw A A9 H2sA Aelel e} iAo HAFAGe] Wtz A

4o 4AMTol BriehAw MBRe) 4% AE8d els woAglel Hewe &
ao] 7o) 9l shek(e)d s, 1999).

5) ol maselARel A AL ol gstel 9 - A Had weAHE
WaA s, AazdMe AayEs oech by FaAE s W R

e wERor AX@EAH FAATAA S @40 pagd v MBRe B
Az nE RPol gloemz Helalel @4o] a4 Hu]l AR FAETh

6) SRT(solid retention time)7t W ZAojA, el A4tst auto-oxidation)7t =
glo] Ze]# wAate]l 2HTHW.Ghyoot et al, 1999, M. Mayhew et al,, 1997). Table
9-20) A9 7ro] MBRoIAM2l ezl wale Udut ga&oialyel 1/20)3e] & =2isich
(Mayhew ef al.,, 1997),

7) Aol mielziael diyel Faute] ol A Mo £FFHCl HA
seh £ a=gde] Wy oz FE4sh YA Mg FoA T U
dooz xS o A P wpojelx A/ B3 A
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) SRT7F 83 Holalz] o A4ks ojds 5 A%
o o g 857 ot

b
1
~
ir
o
o,
o=
W
1
Hit

Table 2.2 Sludge Production for Various Wastewater Treatment Process

Sludge production
Treatment process
(kg/kg BOD)

Submerged MBR 00~03
Structured media biological aerated filter(BAF) 0.15~0.25
Trickling filter 0.3~05
Conventional activated sludge 06

Granular media BAF 0.63~1.06

$7 MBRER S dwralel He FAHN wumetd gy gL @@ six=zE o
2] MBR 239 Az olefdt &y & whdafor o
) zejx) walae] dopr Al AAA A AALE F7] dFEEA A2
olo] M7 go]l 7]1E A2a Helypch sk 2 Alejut Fedl F71884E8 AHE
Q

s Ao olo AEY Y FFor wE 4 Um, A/0HH MBRE =¥ A

o Ah AAEE Y F AHS.-H. Yoon et al,, 2000)

2) 71E A= AgAade A Helhde HHrt wWol HFRstel i A
“wo] A, MBRE Hejztel 0@ #AZ clste] #ers AdAsted @27
omg HAAGHS WoldE ¢ - Hyt YR wix hi FEo] Wolch matM H
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Influent r Membrane

—» Permeate

Btoreactor

b Excess siudge

a) MBR equipped with cross-flow type membrane.

(P————> Permeate

Influent

Membrane

Bioreactor

Excess Sludge

b) MBR equipped with submerged membrane.

Figure 2.3 Diagram of two types of MBR.
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232 MBR 349 &%
AR BASx AL PoEw wE I 4ENERE ARAMY e, F ¥

»g z3ss Wy wal Fig 23clMet #ol A Az

2 2=z & wAl(submerged type) 22 YiE 4 ATh

D) 2235 F o5 44 MBR

As52uwrAe A 22t REo A HER oo Al SHBZE A

23le] aiAg ¥ REE oA 2B FFE e FAH HW

a5 Z(cross-flow) 2 dAA Rz o gHol stefAle 4S8 #(shear stress)

& olgata] Aol Fo AL JATH(Fig. 23a)

58 old FAS o] &¥ MBRES FelM 4

-

P
Axm glew Be(wbular) REH 2 AWY REE ASY B
FES &

e

w2l (crossflow type)

—

&l

_)'J—A‘
Jot

ol
et
e
rE
2
rO
=
0w
=

i3]
ok
L

N

3
rr

ar =y
Al ZAmWe Te AEHEe ol YA 4b2 a7 FHbiological oxygen

demand, BOD)ol % %3 @] dzd Tid AFo] g2 Afele v

olmaow ™ & ouh ey £H wade AR g 28 PdAHE Al
=3

1) Relotel o@e estallmal Relvt xuoMe &£ 2A s A Hud
U7 Andc dre AL Imel HEE AYsed AgsE AN HEAH
ol B zelale] A 03 KWh(H. Aya, 1994)¢id] whsl, malodziat g o] &3t W2
G Bz AsgelMdE agAor dAdE of 335kWhEER 2ad gl
ok (K. Yamamoto et al.,, 1939)

o) Relor BE U H#Fo) Wad L et wF ol xfE wlge]l AR T

of stmg mge HZsh Fadgd, ojd FEo A
of ela]l vl4Eol &4FHol &yel WelAn mAEEE7
Seyfrid et al, 1997. J.S. Kim et al,, 2001).

) Mol ofs] M Aol ol#) Zrizel 2Evb dwstel vldEe ¥HEVH E

o)l 4 glom oS WAW £ Ax WA HAz BTk

ﬂd
o3
by
-
20
x
@
-
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o4 pe olfE AAE FHTel A% I WS VB AFAFE A
3 dudael ordi YAY B2 Axdel HEH MBROl U 4145 T Aok

@ AAY wp gdEA B4
455 w4 MBRol 2 @AEE FE&ua, Aot #4% MBRAZE

gus AYsn gl o WwHe Rw 2ES ErizdA AA AAA
& g

717] WP £aWEe Aol BHasy Ariwg T FEE TUHEEL A
2o AAEZ TR FA ABFS oA Hue EWd AdEH2 7
majutel ¢ 98 WA @THEIg 23b). ABFE FAYPol 05barelstd 2HAM *
A9 9oz AAYMBRAME FTAAF 3 fAgezs EHwel 24
wbzisbeh, ZEAbte] A Qo uhel AAULEE AA B S glel 2 ArgEch
DU ALo] weldE Hud el gty By REe AHEE 22w UrHB
Gunder et al. . 1996, T. Ueda ei al, 2000).
o)

Jabd o @ | AEETE 10000~ 20000mg/LH =2 thE A S wleh wlg A
aa e, oo Zeixle] wage]l Mol S Yo Feixe Aeie A A
] MBRol dlaf 2t 242 oh§3 g

) maEs wAn 2o nse Lo BResme o] vlgol HriAe
2 "7 (K. Yamamoto et al, 1989 ©& £4 <tele] 3t 05bar olstel2 2

solalio) A&EE oAl 227 e 4k Ueda £ Wit Q&R A3

A
ot
=
jos]
=
2
(o]
=l
Y|

-
ot
Ulﬁ.‘
ok
1>

o;m

9]
sl sela Alzde] A9 gy Imd 02~03Wh Bwolw uxsgE B MBR 9]
Ao 3-4Wh A& A ¥ MBRY #A% 20kWh FEw BIEAHT. Ueda ef al.,,
1906). Webd #HAd@ MBRe] wats g w4 MBRETH v Bz ol felst
tha & 4 gl

9) WAEE WA MBRelM uerd: ol @4de st gloks dojth @
2w MBRY Z$ ddse 10~-208 Ao ¥H5F £#el 8 7HE, 23 v B2
ol Alg oz pgZol Fokd HGgHo] A WAL flocd H2AE ey,
Aoz nAEHAYS AstAZUHKH. Choo et al. 199). Brockmann® Seyfried
v o@7|dse s gz BasE W ol @HL Aol o3t

e Bae 2aE stk olsel olaw nFotaR EUAT @714 2
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8 A, S8 A7t 100kPag) eldlA st% 208 YEE FASHE R A 50% <
B4 7rasl dojiul 714 vlARe B4 MeE @3] AT AEE €
gmme My pe ey g FAFel Fesinkn FAch 2 AW
MBREl 7Aool YT Agstxl %3, FEAE Eyjzed Y YAAT=E
Cmoede Hasietd vlAE FAe wd o A GEUA ¥E9.

3) A8 MBRe A wasg L4 MBRe wlef, slza #edel WH/iel °

Bde) £Ho] etz FAY A s Blgo] AA P k-
golaT}. oS AAY Bute) A YAZTHAoS M HHZE 4R G
o) HAshuls) @ o|tHP. Cote et al. 1997). webd A8 Feiord s9% 5
HA&o] Baglol A7zt o] sHEddl, Ueda 52 Fa™e A Asta g 2259

=

serele] #AW Zskglel £Ad 4 xelE 98 MBRE ¢¥shath

of doluf Y wgrlN Rl AU

(Alleman and Irvine, 1980).

25 Activated Sludge Model
1) Activated Sludge Model No.l (ASM No.l)

19874 International  Association on Water Pollution  Rescarch and  Control

JAWPRO) of 42t sisda) A4 84848 A8 s wdye a4+ +9

Sze B4 oA 249 HM 52 dF A 58 2Ud ASM Nol¥ 27N
sich 2t wzaA Me RSl AHs FAA el APy melw okt A

A0 MLSS 359 da & Fiol 2% 71elo Aretsigith zeEiA ASM
Nol<e Mzt £&H9 MLSSe wdtel W& 2b Substrate oo o &3
Aal gaE WA galAM Switching 7% S Hastelr-d, 2 e FeEfE

So/{Ko+So) s vHERsR T

£
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gaz:AAz $8 ALE 919 Fo] 0 o AR E, sbAol Fgg Mo A

A E Uebdch wrgiz 82 a7 Bod e oA KoZb FAH

A 3 = 5714 AHE JeluA "ok ojel Switching 715 & o1&

3o} A& oz o] wrgol YejrjrjetE wrgFel e utek WA #EME WUH
5

A4

e
o
o ﬂg‘-_,

+
32
)

Mass balance = CODZ WEMA 2™, components &34 #(S)% a4 3 5 (X0}
ow BEsigdon mdo Alg¥ vl A2 ZE heterotrophic?t autotrophice]™ o]
Aee ojfstel AAE 2 @R AL FI 24 A7 AFE HERHAT

2) Activated Sludge Model No.2(ASM No.2)

19951 IAWPRCS AE3Hx Az A4 dAgxs A 7344 22
T8 18S ASM Nololl 423 daAe &84 o A m
slel ASM No2Z Z27h&tsdrt.

ASM Nolold detigd Agas 23 7tsd fad 771828 Ss2 UEd

o1} ASM No2¥ Ss& ®aate Sp 9o Sa 2 vEbdoh 12 heterotrophic
3 autotrophic Ul M Eol ojF st @ @A A4S 5 AL AA A ASM
No.l #} Fdsaith

o) A7 mechanism & 91 %# A (Xpa0) o elsted #Hrigdaedd Sas A 5 st
o Xpua BEHE A7

re kT XpE SEAE P2 wEs, 37 AR R
Xeuad ol £5 o

= el U Fal4d PO.E BHst Xe FEHE A A
z el & AAATIA Lk

of
o
!

- r_'I_

ole °1° 0\“

1) Activated Sludge Model No.2d(ASM No.2d)

ASM No2 & Xpao?t 27) “slelal 918 %2 A171% mechanisme] A5k, ASM
No2d= Xpao?tb 571 AElciAd 908 Z2A71E mechanism 9l Fabd FEiel A
g4 442 do F4E AASE mechanismE F7H8HAT
2 9] ASM No3 , Mantis model, Reduced order model, VITUKI model °] i
Table 23~6% ASM 2dol Uehg gl oz 47 H3 GE AL &% A,
g s ol
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Table 2.3 Stoichiometric matrix for ASM 2d for scluble components

(Mogens Henze, 1999)

i Stoichiometric matrix for soluble components

j

Process Component

Heterotrophic organism @ Xp

1

2

3

Phosphorus accumulating organisms

1

o

10

11

Growth on Scon
Denitrification with Scop

Lysis

Storage of PHA
Aerobic storage of PP
Anoxic storage of PY
Aerobic growth
Anoxic growth

Lysis of PAQ

Lysis of PP

Lysis of PHA

Nitrifying organisms - Xa

12

13

Aerobic Growth

Lysis

express

as>

Xpao

Sez

O

-0.60

-0.20

0.60

-18.0

Scap

COoD

-1.60

-1.60

S

N

-0.07
-0.07

0.031

-0.07
-0.07

0.031

-424

0.031

Sros

N

-0.21

-0.07

-0.21

417

-0.02
-0.02

0.01

0.40
-1
-1

(102

~0.02

0.01

1

-0.02

o.M

Sak

Mole

0.021
0.036

0.002

0.009
0.016
0.021
-0.004
0.011
0.002
-0.016

-0.016

-0.60

(L0002
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Table 2.4 Stoichiometric matrix for ASM 2d for particulate components

(Mogens Henze, 1999)

i Stoichiometric matrix for Particulate components

1 Process Component X1
express as> CoDn

Heterotrophic organism  Xn

i Growth on Scop

2 Denitrification with Scop

3 Lysis 0.10

Phosphorus accumulating organisms | Xpao

4 Storage of PHA

3 Aerobic storage of PP

G Ao storage of PP

7 Aerobic growth

8 Anoxic growth

9 Lysis of PAO 010

10 Lvsis of PP

11 Lysis of PHA

Nitrifying orgamsms & Xa

12 Acrobic Growth

13 Lysis 010

Xn

COobh

Xpao

COD

Xpp

P

-0.40

Xrna Xa
CcOob COD
1
-0.20
0.20
-1.60
1.60
-1
I
-1
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Table 25 Process rate equations for ASM 2d(Mogens Henze, 1599)

j Process Process rate eguation Pj

Heterotrophic organism : Xy
1 Growth on Scop

. S __Scop . S NHy _ Spw . Saik X
Ky +tS;m  Ks+Scop  KametSwm KetSeaw  Ka+Sawx H
2 Denitrification with Scon

Ko Snos __Scop . S nns _ Spy S ALKk

oo T R+ S Kuon "Smor KstScon  KnnatSw KetSeo " Kam+Sax
3 Lysis
by - Xy
Phosphorus accumulating organisms - Xpao
4 Swrage of Xpna

a . Scon_ . Salk . Xpp/Xpao -X
PHA " K +Scop KaktSax  Kpet XperXeao FAO

5 Aerchbic storage of Xy

Soz . Sk . S s . XpnalXpao i Kpax — Xpe Xyso .X
Ko+ So Kyps+Seay Kk +Saik Kpiat Xpuai X pao K + Kuax— Xer/ Xpeao bAu

dpp *
6 Anoxic storage of Xpp

e e Ko Sna
3 N S()E K nos S NOS

7 Acrobic growth on Xpna

SO" S.\IHAi . SP(M SALK XPHA/XPAO

. . . — X
HRAO K +S;  KumT S KetSeos KaktSax  Kewat Xeua Xpao FAo

8 Anoxic growth on Xpna

o - Ko . Swy
TOUNOS T S K nos + S nos

9 Lyss of Xpao
bpan Xpao- SALK/ (KALK +S,—\LK)
10 Lysis of Xpp
bep  Kpp. Saw/ (Karxt Saw)
11 Lysis of Xpna
Dpna * Xpua- Sak/ (Kawk +8a)

Nitrifying organisms : Xa
12 Aerobic Growth of Xa

" Sz ] Snhs ) Spay Satxk
5 Kp+tSo:  KumtSnme KptSea  KatSax

13 Lysis of Xa
b, X,
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Table 2.6 Difinition and typical values for the kinetic parameters of ASM2d

{Mogens Henze,1599)

Temperature 20T Units

Heterotrophic organism @ Xn

Uy = Maximum growth rate on substrate 6.00 d’

nnvos = Reduction factor for denitrification 0.80 -

bu = Rate constant for lysis and decay 0.40 d’

Ko» = Saturation/ inhibition coefficient for oxygen (.20 g Oy m”

Ko = Saturation coefficient for growth on COD 4.00 g COD m™

Iwos = Saturation/ inhibition coefficient for nitrate 0.50 g Nm”

Kuma = Saturation coefficient for ammonium (nutrient) 0.05 g Nm™

Ky = Saturation coefficient for phosphate (nutrient) .01 g Pm’

K = Saturation coefficient for alkalinity (HCOs ) 0.10 r?:l‘f HED:

Phosphorus accumulating organisms © Xpao

amna = Rate constant for storage of Xpua (base Xep) 3.00 i \)((P:[T 2

PAD

arr = Rate constant for storage of X 1.50 & XH,,] & l
Xiag d

Drao = Maximum growth rate of PAO 1.00 d’

nwes = Reduction factor for anoxic activity 0.60 -

bpao = Rate for lysis of Xpao 0.20 d’

her = Rate for lysis of Xpp 0.20 d'
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Temperature 20T Units
bpna = Rate for lysis of Xpna 0.20 d”

Koz = Saturation/ inhibition ceefficient for oxygen 0.20 g O m™

Knos = Saturation coefficient for nitrate, Swos 0.50 g N m™”

Knia = Saturation coefficient for ammonium (nutrient) 005 gNm’

Kis = Saturation coefficient for phesphorus in storage of PP 0.20 g P m™

Kp = Saturation coefficient for phosphate (nutrient) 0.01 g P m™

Ker = Saturation ceeffictent for Poly-phosphate 0.01 g Xpp g ' Xpao
Kuax = Maximum ratio of  Npp/Xpao 0.34 g Xer g"Xr.—m
Ky = Inhibition coefficient for PP storage .02 g Xpp g-!Xl'r\()
Kpna = Saturation coefficient for PHA 0.01 g Xpia g | Xvao
Nitrifying organisms @ Xa

Ba = Maximum growth rate of Xa 1.00 4’

ba = Rate for lysis of Xa 015 d”

Kor = Saturation coefficient for oxygen 030 g O m’

Kans = Saturation ceefficient for ammonium (substrate) 100 gNm?®

Kax = Saturation coefficient for alkalinity (HCO3) 0.50 mole HCOs m”
K, = Saturation ceefficient for phosphate {(nutrient) 0.01 g P m*

,_‘26_



}“ 3 X} AI%-III—i' ol Al & ")

H
2ooH

e we wezd Rutoes FFAMoH(Hollow Fiber Membrane}€ 3214
7 kg el AAL geol EAL mopstr] fskdd
A5t wezr:= FHAEY FEEVNE o839 Anoxic/Oxicd A 2 8o}

A4 5E A u g

A

B ARE AR &5 AN f4E AT FAsTE At AR
O gadozE ZEIAE ALY CODer 150~300mg/L, RVt H4E Ht
JESS A5t NIL-N2® 35mg/L, 49 e Q42§ S Argste] POs-PY
=U @ Apeg/LE COD © NHi-N @ PO,~P2 vl &2 g 375~70 1 9 ' 12 srdoh 2
s ow) o e zoA Aatsle Wed Agast FYHUUEFS AREEa] o 250mg
Nlas CaCOn Foatgul, nAZ Az Was oldd4d A4+t

49199 A4e Table 3100 theb ot

Table 3.1 Composition of synthetic wastewater

Source Item Unit{mg/L)
Glucose CODcr 150~ 300
NIHLCI NHi -N 35
KH.PO, PO’ -P 4
. Alkalinuity -
NaHCO+ 250
(as CaCOu)
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3.3 Microfilter 48 ¥g-x
3.3.1 93 xel 43
2 A¥e ztg 7] WS EE Fig. 310 FH9 ZARE Jetdfdch ¥ 27
ola AL A3l Az el fAo} 1522 gER FEALEHS 10L F
At A PEwel FEAZe S5A4L dddyies FdEA
(Polyethylene) Z&8Aet WS 54 (Hydrophilic) ¥ g Zez % W0
02mol®, ©s) el A& 045mm, WAL 035mmel, Lol FU7IE A7 01
molth el E4& Table 3.2¢ Fig. 3201 YeEhARAT

rE
oo
B
rlr

ol

)
o

Time Control Box

|
P.G.
Influent
p
], C 1P
° ° Effluent
R
b= —— v
Feed — ———
t— e P : Pump
{cp F s . & P.G. : Pressure gause
Blower] m C.P. : Circulation Pump

Figure 3.1. Schematic diagram of laboratory reactor.
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Table 3.2 Characteristics of membrane

Item

Specification

Material
Surface Characteristic
Surface area
Inner diameter/Outer diameter
Pore size

Operation Diff. Press.

. Pipe
Material of Parts
Sealant

Operation Temp(TC)

Effective Flux
{m'/ny.day)

Polyethylene(PE)
Hydrophilic(Permanently)
02m'
0.35/0.45 mm
0.1m

less than 40kPa(29 cmHg)
ABS Resin

Polyurethane

< 40

03~05
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e

Figure 3.2 Type of Hollow fiber membrane.
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FEAdue Yo 4707 BeeA 92 94 4% WEE Jel AANA Y B2
@ G Y AR A AUt EHE £do) Yad FHU A A
2 7] B4 0% Filtering FAE 7Hh Asbgrols A o7 2 F71 AW
g AMdstel 1Y ABA moh dulel £3E DAAAL FUA F7 A¥E A
gomm e @ Wel o5 HA4L A fouling EAE A2 HAos,
2euel o weze) AASE YHAY FA BUew AFFHac Be

Mo 23 28 BIe Afsizen §Te 1300LAmolth 71 FUL Air
& Bse) st A% MEm U 94 $AE 2As) A
) e gyPns zAsd AP F

=
Rt
it
rn‘.
o{o
B
1o
2
i
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F.\,i
|

3t 2o SqEE 2y FAF FFS 4FF F UAES
zA g 7+ 99, 748 E7] 2 718 332 98t Time control boxel @2 sk
setting ¥t
3.3.2 ¥ A3
Hoers WMo w EAgE o 6ol 1-28H %] AFMAE LdAsE A

A

)
o) wimaaTh ekEAAE 7ol WE @AY MLSSEES 3%, wzebe] a3
£ oalza & ogs Az 2age rusz dda Foole Erlzzge 92 A

sZo e z7)A%be] AlzwlsEale obAzy] A¢ET 20cmHg dEHE AA A

g sel Ase] e Ao 259 dgel Yz MY Hu4E 9 + o

27139t0] A0kPag Wi uhA FEMAE AANRE A HEHRgel o3 A

1. Foados wuia @ FUEE Iy RE AWy
9 o SUESE o Yolx ¢S FEReUE AAHTT

e (%]
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6. HAZEZRE o FUSE AWM 283 2 AP M 4T AAT
Foaele YA Tolxa oA g
8 oM At WAPe) AHY AE FA}

T Faba 9 HI 0ol Haet ojdEe] HEH EYS A £ ¥ HE
Z e E¢8 A5 AT & JEE A

MLSS 3000mg/Lell 4 8000mg/L2, F4tA/%7] AlZHE 158/158, 30%/30%, 30&
AR ozl HRTYS 128 3el A 8Alzhe 2 £3589 2% Feed time per cycled 15
Bo A 3002 FEL2158dAM 0Fe SHdstgoen ghEae kv 25 45
CTARAEZ Akt MLSS 8000mg/LAiAle= A s A FA8E71 st} sludges
wasting A1 ZTh ¢t st Aol HAol AYEF AAES AF A A =

& Zelste] Ayt ed $d£-E B9 Table 339 gt
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Table 3.3 Operational conditions of experimentation

Operation
Runl Run2 Run3 Run4
parameter
HRT Shr 12hr 12hr ghr
Flow rate 30¢/d 20 ¢ /d 20.¢/d 304/
Operation time . . . .
60min 80min 80min B0min
per cycle
Anoxic/Oxic 30min/30min 30min/50min 30min/50min 30min/50min
Feed time per . . . .
20min 20min 20min 20min
cycle
Feed flow rate 63me/min 56mé/min 56me/min 83me/min
Suction time i ) ) .
30min 30min 30min 30min
per cycle
MLSS 2000 8000 6000 6000
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7} cycleol W& A3 fig. 3.37 b

Run1
0 110 120 30 10 50 60
air off on
Inf. on 1 off
Eff. |on| off | on

Run2, Run3, Run4

alr

Inf.

on

Eff.

off l on

Figure 3.3 Operating patterns.
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35 A3ey

B oAge] A RE YRS FEATHANATHT
wep REAsRon, o wyd & g
19970l o1& RAEATH the Table 3.4% 7 F3 R e 4 WHE 29 A
elsh o

Table 3.4 Analysis method of waste water treatment

Items Experimental methods

NH,' -N Ammonia-selective electrode method
using known addition

NQO; -N [on Chromatography
{Dionex co. Itd. DX-100)

NO: -N Ion Chromatography
(Dionex co. ltd. DX-100)

T-N UV adsorption method

PO, -1 fon Chromatogrzn)hyr

(Dionex co. ltd. DX-100)

T-pP Ascorbic acid method

COD Potassium dichromate reflux method

55 Total solid dried at 103~105TC
Alkalinity Potentionmetric titration method

pH Electrode method

DO Electrode method
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Figure 4.1 The variation of suction time in accordance characteristics of membrane.
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A8 2elot dhe7lgie] MLSSS MLVSSe] 4713t ¥ Figure
42o] GeERRem MLSSEF MLVSSY 4 diAcl fle 080338 Ao d4F @&
g Bt A7 Fo] MLSSE 8000meg/L2 A=1&719 150mg/LE st
ARG tAEFETEE 3000m/LolA 8000mg/LE WHAZIAAN FH2E FAHD
HA3al= Fig. 439 Jeugen 322 001-0.02m/m/hr 2 FA AT Fig. 434
A o1~60e] = A AHoln 3w AE #E AFE FA AR Fluxrh @
cycle®et f&stojor @ FHrd FolHAYU ¢F AolxlzZ %71 20emHgR o

15cmHg 14 2334 e A$e A4E drstgoen 180d £43E Ft 6¥9
g2 AASAR 1 F He AEAAL FA #IHT FM ol Fel= 7

gt o g 3BeE A # & 5 ggdon ofF HA Foles A 7ol oA #
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Figure 4.2 Variation of MLSS and MLVSS in the reactor.
0025
.
0020
*
L
0015
Yo so;"o“\ ‘e
d ¢
0010 * e 0y . ~.’ «» .. . * f
5 6
0005 1 f f f
1 2 3
0000 - = +
0 20 40 60 80 100 120 140 160 180

Operating period{day)

Figure 4.3 Variation of Flux during operation period.
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Figure 4.4 Variation of CODcr concentration with operating periods.
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Table 4.1 The effluent quality and treatment efficiency of each RUN

Runl Run2 Run3 Run4
Parameter

Inf. | Eff. | % | Inf. | Eff. | % | Inf. | Eff. | % | Inf. | Eff. | %

pH 7.50 | 7.11 7.47 | 7.08 741 | 7.07 738 | 7.10
CODer |233.1] 11.1 [95.2(2557) 32 | 9871|2510} 79 |969|2716( 43 | 984
NH,-N [ 289 ] 09 (969|363 | 05 [986]368 | 0.1 |99.7]363| 02 |994

NO2-N 3.8 2.0 0.0 0.0

NO3-N 55 8.3 9.0 9.4
TN 4891 7.1 | 854560 90 |839 646 | 139 785535 | 111|793
PO4-P 37 | 30 11891 37 | 26 297} 40 | 19 [525] 41 | 20 {512
TP 43 | 31 {279 42 | 27 |357| 40 ;1 19 1525 41 | 1.9 [637

*

*

*

*

Average data.

% : Effictency, Inf : Influent,

The unit of all item is ng/ ¢ except pH
Runl : HRT 8hr, MLSS 8000mg/L; Run2 :
Run3 © HRT 12hr MLSS 6000mg/L; Rund : HRT 8hr, MLSS 6000mg/L.

,42_

Eff : Effluent.
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Figure 4.6 Variation of NHa -N concentration with operating periods.
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Figure 4.7 The efficiency of NII;'-N from each RUN.
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Figure 4.8 Specific nitrification rate of F/M ratio.
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Figure 4.9 Variation of TN concentration with operating periods.
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Figure 4.11 The removal efficiency of TP concentration with operating periods.
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Figure 4.13 Variation of DO and pH in HRT 12hr (Anoxic 30min, Oxic 30min).
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Figure 4.14 Variation of DO and pH in HRT 8hr (Anoxic 30min, Oxic 20min).
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Figure 4.16 Comparison between observed and calculation CODc, concentration.
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Figure 4.17 Comparison between observed and calculation NH4 -N concentration.
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