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ABSTRACT

Effect of ultrasonification on a Membrane Bioreactor

Lee Eui Jun

Advisor : Prof. Kim Sung Hong, Ph.D
Department of Civil Engineering
Graduate School of Chosun University

The Membrane bioreactor(MBR) has now become an attractive option for the
treatment of waste waters, as evidenced by their constantly rising numbers and
capacity. It combines activated sludge treatment with a membrane separation
process. For the sewage treatment, MBR is excellent for the treatment of
COD(Chemical oxygen demand), SS(Suspended solid) and microorganisms. But,
sludge concentration is increased in a bioreactor over a long operation time.
When sludge concentration is increased, membrane fouling occurs.

This study focused on the evaluation of performance of the MBR combined
with a ultrasonic sysytem, ultrasonic system for the advanced treatment of
sewage in terms of COD, SS and PO, —P. The laboratory scale with capacity of
28.8L/day had operated for fifty days with two operational patterns, namely
Mode1(non-Ultrasonic) and Mode2(combined ultrasonic). Model's membrane
fouling occurred, because Mixed Liguor Suspended Solid(MLSS) is increased. So
membrane's surface scrubbed. Due to the ultrasonic operate that Mode2's MLSS
is decreased. So membrane contamination slacken. Also the COD's processing
ratio of Model and Mode2 were excellent over 95%. However, the COD was
increased 2.8mg COD/L by ultrasonic treatment. MBR needs an aerobic process
and anaerobic process for phosphorus treatment. In this study, Model's

phosphorus processing ratio was 38%, because only aerobic process was



performed. Mode2's phosphorus was increased by ultrasonic treatment, because
ultrasonic splits sludg. So phosphorus was dissolved in sludge. This study
demonstrates that the combination of MBR and ultrasonic process is an excellent
technology as membrane fouling and COD treatment. But, this process needs

phosphorus treatment process.
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Cellulose acetate(CA), Cellulose nitrate,
Cellulose A .
Cellulose triacetate
Polyolefin Al Polyethylene(PE), Polypropylene(PP)
Vinyl polymer Al Polyvinylchloride(PVC), Polyvinylalcohol(PVA)
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polyamide XA Polyamide(PA)
Polytetrafluoroethlene(PTFE)
Fluoro—polymer XA Polyvinylidenefluoride(PVDF)
Ethylene ChloroTriFluoroEthylene(ECTFE)
Acrylic Al Polyacrylonitrile(PAN)
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24. A=A 7l 2 AL, Q AA

AEe HAF-Ae 3o 712/MdS 19149 Ardern® Lockettol] ]3] #<bs] 21 o
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r.=—" (2.2)

Y . 0 ol 71A 244 (kg VSS/kg COD)

Monod®] & gAo] 2 &&=t 1o w2 vAAE A & 7]d A=
212.30] W&
Mma_X S
r.= . . XB (23)
TY_K.+S

S : A7l A 9] F%(mass/unit volume)

K, @ pZb 1/2 pm<d we] Ag 714 4] 5 =(mass/unit volume, Monod “&5*)

71 AA A 3 2238 Michaellis—Meten?] & Z A &=t w3k 2238 §&
FEHE nAE ) o]&d & A= AstE 7AW wrE g ole] v FE dis
210 2 Monodell 3l AlQtd & o]t}

ol 71d S7F 71 AAFA AR AL Fojxl 2% pH, A
B4 59 2L dAZAAANE 5 H 5 SERA

_Z,_.
Cebd Mabs 54 BTl Belzl R ol zdd & Atk

2 Ag e BAR, a5 AR AsAA 94
o =4 SRl Ul FaA f71Ee] o 20~
Atk vheelols 944 714 4

A A g o] odto] ALRE = e AR V1ES BEVIER THEES AT
o

oy
o
oo
ot
r
%
o
L
2,
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__ e®XX (2.4)
FseP = 7 (R, +P/X) :

rep @ &34 7129 Asto] o9& 944 7149 = Wsh&(g/m’day)
kp @ Al vdaA 718 AdS(gP/gX - d)

P : 124 714 s=(g/m?)

X A% FE(g/m’)

Ky @ w&% 2a A% (g/g)

faks

S

:Z
s

QA 1A AR BEH R84 VAYE Abolo] A U

A7l Wl JAE FellsRe A= dEA oA FAR

3) A

Hobgl AR AEe YA A AMAA 714 Wstel skl FeAHoltt,

AdAow mAEe] Aol 71de] F3e WANIA AW 712l weh A3
welHs gdo]l kel ouw sAdT. RaHs BAe s ieE R ek
Fe AA4gans gao Mue AEE A4AAT BE AEe 14 wgon mA

r, =bX, (2.5)

bt AbEgdh
AbEat Bt ARaAer BaEA 0 Fe 4 2 25 BAES
AFAANA dojihs Hal B 22& H7A
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242. A=A Ah AA

ato] EAstE i P 7718 Aae dRYokd HANH;-N)E T4
Hol Qo o] AAEL 7h4Es| (Hydrolysis)9t & AFabuk-8-(Nitrification)ol] 2] &}
obAstAd AA(NO,—N)9F AabA AA(NO,—N)Z W3k 5 -4 34 (Denitrification)
S AA da7taNy)E 7] To BEE 2N st T AT o] Fofx

ol#1gt  AAaAAE  F3tF-&(bacterial  assimilation)® ] 3} 2 (bacterial
dissimilation) ©. = =LA Y= F Uth. 3482 davt AxAdxzdEde] 12~13%F
TAsh7] wiol ofzhe] dryold AihE AEA FAE AEWAAN F3EE Ao
m o]shAtg2 AAikstel gt RO R HAuE= Aot

x9 4 i
Folmz BHZ dste] AAD & A AaFE vhy 263 Lol AL & v

(] %] %4,2006).

dNH;—N dX,
dt T At

(2.6)

dNH; —N/dt : 582 9@ d2471&(kg/day)
dX /dt : SAMAE T A2EA 2529 Aig(kg/day)

) Axrstel @ Ax AA

A% Fo A Yol f714 dash GEUoky Axel FHE EAs=d)
oAzl F dRUold Wast AW Aa EAGTE gl Rl w
g 5714 AHelA oldd AaE AM A A2 oA dsEsd oldw
e Adsean @ Adsgs T ERe dedelz PHY T owA 4ol A
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WA A el HUY weelo] ofs) of@iow AsE T wA
GAE ool tE FRe HUdd vHelol o Aiom AsHEch T HR

=]
2714 B4

\ SrE[2[0F 2o & 7tE ol

= oplA-l El A
oro Lioh & A =T TS Ex
22 Lord & (bacteria cell)

N
g

Hmo| 83, xp7| st
—h—3
\ 4
O 7|A AElA
r oAt & LALH
(& 47
— (), — >
\
| =E g i
24t T >| T4 gta
o = 27| EtA
>IN} 38 #7I

% 210 4=St8 2itet 53

Winogradskyoll €]t Agolg], st Al Al dAlsle] &3] Ax¥He= vAES

R UolE nitrite®, B ©A] nitrate® AFSA 7= S HA P ESQ] Nitrosomonast
Nitrobacter7b ATt @R UolE ofdAito 2 o] AbsH(H 7ol Nitroso-)ZFH o HA &
AdE F Ade= Ve sHGEH Elol 42 Nitrosococcus, Nitrosospira, Nitrosolobus,
18] 3 NitrosorobrioZ} 1 tH(Painter, 1970).

19903 ool Nitrobacter <]l o}&A4Fd-2 7]E} Nitrococus, Nitrospira, Nitrospina,

Nitroeysris9t 22 FHGF 2ol g ob& ()1 Nitro-)oll ofsf 4tskd o vk o

_27_



yol Atsp reeote] e eI Eels AE7IE °l838t Wagners< &

- =

ALl A A 28 e Nitrosomonas?} &3] £A418S Ho]Ft}
dEyolo A AidoR HE oyA ALE Abs dbgS v 2

(D Nitroso-bacteria

2NH4++ 30, Nrosomonas

(2.7)

2NO, +2H,0 +4H "+ A} 2 A 3 + (480 ~ 700KJ )

@ Nitro-bacteria

N . =
INO 4 0, ODACLEr o0~ 4 A 2 A% + (130 ~ 180KT) (28

e abshulgol 71xd kol ¢ %

A
pul

o

i}

L of WA e 457g 0,/g Nol,
TEE LTS 457g 0,/g NRTF Ak st g0 e

BE Qe 4 Atk wE e gHe X

NH, +1.830,+1.98HCO, — (2.9)

0.98NO; +0.021C ;H,0,N +1.88H,C O, + 1.04H,0

webA] AAbstel A shetrE el A AA" gEUel A2 1gol daA AFHC

2 Aba 433g, F71eA 0.08g, 272 =(CaCOy)7F 7.14g 2¥] 9 2953, H2&
A3 0.15g0] FA A},

O

Ak o7 ofdig Aihe FAAH e A=A Ag AlzdddA Be de

2 FH4HA Ze=dH, 1 olf Nitrosomonas®] A%< =H ) Nitrobacter®] Z o)

o 1 -
N

Al 20C olstell A F m Azl i WESAF7F Img N/LET

_28_



2
2
ot
£l
1o
1]
ox
rlo
By
=)
=
X
(2
KO,
)
)
r o
12
td
v
o
o
2
ot
£l
flo
By
=)
il
y
X
bl
e
BN
o
e}
>
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Quim oz MEee AL A4S Gdas BEe et 2

NO, +0.833CH,0H +0.167H,C O, — 0.5N, +1.33H,0 + HC O, (2.11)
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S YA FEIYA mAEolRR, &ALV EAT o= ol HAks
GA= o] &et7] wiol, ddisteE 2 dojubA Fevh AEA dd st daks
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Aetd e AWM YR QA Azrh FAFel o8] AAFEAR A o)
o} A A A=z FYH)

NO; +0.33CH;0H — NO, +0.67H,0 (2.12)

N, +0.5CH,OH — 0.5C0, +0.5H,0 +0.5N, + OH (2.13)

® FlA we
o] T ureAe Qe BAol A nhRAR wAM wkgo] ohd F@elUA
S Fez ool
NO, +0.833CH,0H — 0.833C0, +1.167H,0 +0.5N, + OH ~ (2.14)
ARFgo] MARe] BHAgolet sty FARNGE WYY ofgow

gafa & 5 9
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2.4.3. AE3sHA 2 AA
AEsEA 0 ol AA WAYUEFLS d7] 213 27|20 nAgEe EAS o&
71 1A Q1o WEo] dojun I gz oA = TV 7oA
I3k ole] F7F dojdo g <o A AV dojuA k. dUA FZHdAE=
144 BODZF 994 el osiA A A4k Volatile Fatty Acids ; VFA) S =

of

1

B7F dojdu. @714 =219 AR AR 4R BODO ThpERE7E oyl

AFAZEE Agste] F4 k7] Wl &84 BODRe] el Fojst

o

o g AAES BEshA s AESHoRE AAT F e HAEd oA HA
FAE. olglg I AFES AUIAE 7 b AFE v dAd
o] ZheEl 2R RtEolx oAy olefAr =wS W=tk o|wl ortho phosphate
Z3H A VFAES PHB(Poly Hydroxy Butyrate)®} PHA (Poly Hydroxy
Alkanoid) 2 Agst=d JUAE 5T dFom 720 st AGEHAJL
PHB®| 4tst7t dojuwiA gafjA e S dH=stA vs i du=z A%
Hu g AAE. ook & WAUSFS 19 211 YEhH A

Fermen
tation
bacteria

organics

VFA

PO.-P€

Anaerobic

Aerobic

CO:

0O:
POs-P

a9 211 BEZH 4 AA A
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25.1. 71414 A g

AR A= AEHS S840 Wy og yse] AE U B2 £S5 =3
oz S Y AxE 3str] &l Alxzde] dd ¢ U= ol IS Al
Tt 7IAAH AHEWWHoeE+E  Stirred Ball Mills(SBM), High  Pressure

rr

Homogenizeers(HPH), Ultrasonic Homogenizers(UH), Mechanical Jet Smash

technuque(M]JS), High Performance Pulse technique(HPP), Lysate Centrifugal

technique(LC), Shear Gap Homogenizers 52 5  AUHE$F 2012).
F T2 30bare] 19t jet WHAFFAE o] &oto] JAEHAY HAAHA AEF Tt
7S S A7E A sk bEAel FEA el AlEZ T =7 46~ 98%7HA]

£, dolE21AE Blenderel ol A sils wl Azl ©E SCOD &7}
Aol FElstaon 12#7Fe] 42 80%2 SCOD F7Fs HAov dAes oo
SHAE @718 &3A TS AAE 10.6~115%, VS AAE 145%~18%, TCOD A
A& 176~204%s 23taso] A yeyton 7fadyde vig AxzPohs AT
A= ATh(s] ¥-8,1988).

el s Ve & AdZe] FHE fFAs SYA W nAdE AEes 3 A 5
A sA-Q d7A 28 28-S U= A W o] tH(Takashima 5,1996).
=B oo dzte] Aejrp &ibs] dAgrEa e, #Ed &7
ZZA1717] s A2 BE NaOH, Lime s°] o]&H3on, &
2 Lime o B3t NaOH7F &4 341 Ao = Hig vl 3]

M
:oé
il
r o N'

tH(Tanaka %,1997).

Qo o3t U= AAe 2= & =E e ARESel osto] 3l
QFo] FFolA &l 2 w AAE = OH radicalel 9she] 4bsls]ojzlct, s
o] A FUIER FAEH 7] wiEed LEd sl FeA 7t Rl &EA
7]== AEa A4 E OH radicalol o8] S8 A9 A2y g Asr oz v gE
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KeX
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a9 34 289 2 AANY S22y SHEHA TAH AEFZH
o] A AtEH Zeu WAAXE Sonictopiadl A A ZEF Ultrasonic
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- = H &
M 2=l Sonictopia
J191 No STH-200S
2HEH AC220V, 3A
e 200W/hr

QIEHI Ol A& Z2Hc2 d3BH, RS232 HUE
AS = 28KH,

J1219] X==(HxW xD) 120 % 375 < 280(mm)

Alol2 20l 3m

e &4 220V / 60H, (BXIZHME)
ZH E PZT(3mm, 4ea, PZT-81) Length : 90mm
S AH

Ti6-A14 (STB-2320, @ 30x89.6mm)

Ti6-A14 (STH-2412, @ 24 <89.9mm)
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SIS 28076 H,+ 0%
Z A 20t 2002
Nl 2= 70C

AAGA O B 297t AUFoR ARR FdAow ARSI EH, 259 A
=& 100W/hr2 FASHEA 12 2AF 592 FA4 o2 1797 uhasiglnt. 2599
Z%o] 100W/hro]= & lcycle ot HF3-Z o] 7teizd &3 &3S 1.67W/min®|
"o B oAge wgx g3o] 884LolERE 22y FANES 0.19W/L - min°] iz,
MLSS7F 2,950mg/L ~ 9520mg/L¥floln® 1yd=(MLSS)T Z&3 FARES 0.02
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20000

1 50

T b Clean

-1 100

1 150

T AT e

-1 200

-@= \/SS
| 250
== Pressure
! No UCT<€=—> UCT
O T T T T T 300
0 10 20 30 40 50 60
Run time (day)
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