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Applicability evaluation of microbubble for membrane fouling
reduction in wastewater reuse membrane process
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ABSTRACT

This study applied microbubbles to reduce membrane fouling in wastewater reuse membrane processes, evaluated and
compared the transmembrane pressure with or without the application of microbubbles and the cleaning efficiency with
the application of aeration and microbubbles. In addition, this study analyzed foulants removed from the membrane
surface. Changes in the transmembrane pressure of membranes with the presence or absence of microbubbles were
observed. As a result, transmembrane pressure (TMP) increasing rate decreased twofold when applying microbubbles
to realize stable operations. This study compared and evaluated cleaning efficiency applying aeration and microbubbles.
As a result, the cleaning efficiency was 5% higher on average when applying microbubbles. In turbidity and total organic
carbon (TOCQ), foulants were discharged when applying microbubbles twice as much as applying aeration. It is thought
that particulate foulants precipitated on the membrane surface were more likely to desorb because the adhesion between
the membrane surface and particle was weakened by microbubbles. Therefore, it is considered possible to effectively
control membrane fouling because of the increase in cleaning efficiency when applying microbubbles to wastewater
reuse membrane processes.
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1. 2 T Fw°l 7 SHA WAl Ao 2A HAY &
2o] il 23 B S87% Ao ojubxsta glc,
AGAISIE Faa AR I QI LR T HT o Aol &L 9%t sHH4 X FAol MF
FAE] G4 =2 F7HE 2Hstar i E4t3 (microfiltration), UF (ultrafiltration), NF (nanofiltration),
ARl 79t A= 7hHe 522 AEE Y-S RO (reverse osmosis) 5-2] Sajut 7]&0] Z7}star 9ok
e Faido] FHL Qirk ojHdt & = A4 (Sadr Ghayeni et al, 1998). Haju}g o] g3t 3L
giero & shaalel Aol o] $aHRe] HHel & 40) Badel ubA) Mel7h FHsstn, Aol g4e0] Sol
WE £ Aol7t s it ohet 2ol Wy
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olgt= EA| 7} whAgstc) Al 2 MFaS AMg-3lo] 3} Table 1. Properties of the raw water used in this study
FAYFE AYol§ & A 4% ey ddol Parameters Secondary effluent
A=t B E QI tH(Roorda et al., 2005). 5} 84 Turbidity (NTU) 2.8~4.6

= nyES EFSE AAAHET} 0.1~0.45 pm 7] 9] SS (mg/L) 6~8

Zrol= B4, 00101 im 2719 LEA} §7]% 5 COD.. (mg/L) 540

of tha Eakulo] glo] Eejute] vrogle] = AR e e

] ZItH(Ahn et al.,, 1998; Te Poele et al., 2005; Laabs et T-P (mg/L) 235

al., 2006). 2| AtolA= ey 4 AASHI NOs-N (mg/L) 15~20

el A S wpolAE HES HEslo] 2H NH;-N (mg/L) 0~2

=4E A AASRoH, WAE 7|E] A7)

o] wa} e HEA AAFL FFE nHct 1Y Aol A el 22F AAA| AerE ARkl o,

CHAgarwal et al., 2011; Wen et al., 2011; Gwenaelle et Y9 =2 Table 13} Pt
al., 2017). 22jdto] wte d AojE Qs dF& < Al

Auom sl Boel 312 FHsel AT 22 MHEK
Z et (shear force) o2 IEHo| A H EZAES B oo AbeE A gAY Fig 139 2}
U T LI = O T = . =3 .
=2 3l ulHol 9] i H
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T ool vted Alolg 913 tjojaz v ;
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umel 7|25 Weln O RO Ae&Ert wl
Nk of e} s st el gtk
NESt W A5 FE THsAE ST
= g st molazmwEo] S-HsHHA YAk
M-S M AT B ILE QITH(Zhou et al. 2009). ©]
ol A2 ES Yojat FAof| AEsHA =HH @
39 AT o wraEwe o A4S WHEkA
WA QH(TMP, trans membrane pressure)<r A 71 A|
2 9e Ao AdEt ey, 2 Agelds Lo o

npo| A2 ES YrojabsAge] A-8517] 98 MF |f °
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AARE o dede um Prietih %ff
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Table 2. Critical flux for operating conditions
RUN1 | RUN2 | RUN3

Parameters RUN4

FluxXaye.

(L/m?hr) 40 50 60 70

filtration(28) / backwashing(1) /
drain(0.5) / refill(0.5)

Operation mode
(min)

permeate time

330
(min)

backwashing air flow rate
(L/min)

Table 3. Operating conditions according to presence or
absence of microbubbles

Parameters RUN1 RUN2
W/O With
method Microbubble Microbubble
FluXavye.
(L/m*hr) 40
Operation mode | filtration(28) / backwashing(1) /
(min) drain(0.5) / refill(0.5)
permeate time
(b 240
backwashing air flow rate
(L/min) 4

Table 4. Aeration / Microbubble operating conditions

Parameters RUN1 RUN2
method Aeration Microbubble
flow rate 4
(L/min)
Contact Time
. 30 90 150
(min)

Az)ske] AAAIZE 30, 90, 150 minE-QF o] T}A LS
=48tk 7|9t vo]la =M B FL YunE
sHE =9l vjHo 2 FYstglon £ HE A &
7|%2 4 Limino|v, ufo]|A2HE #§A|] ufo]=
ZulE 9o 4 Umnog LAY $AxAL
Table 49} Zch

l
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S)5te] 62 B9k 2.G% vo] 27] olBAYE ol
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min©| 73} & wf wirh oA e S5t AAFaE
= APESHTE A aEES o Al(D)oll wet Alikst
ek w3 Q4 AR AR 2L HA 5 g
E =aQ) ulabol A XS A skel Al7ko] Aukgl
ot oA AAEE 0 QA BAsIr) 2
FJEoTE= ZE [F7|EA(TOC, total organic carbons),
257184 (DOC, dissolved organic carbons), UVas,
= 5= SAsKt T fUIeae] $42 Total
organic carbon analyzers (TOC-LCPN, SHIMADZU)E A}
2519131, 24 A SYRINGE FILTER (whatman, 25 mm
045 1IM)C. & o1} & LEG7|ek4 (DOC, dissolved

A oo o
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=22 Ultraviolet-visible spectrophotometer (DR6000,
HACH)E ©]&35to] 243142 k= Turbidimeter
(2100AN, HACH)E A}-835lo] =434t

A EE(%) =
Cleaning efficiency(%) = E_—)

A7IM, Ry © & AT (1/m)

%E—u—}—\—e 0211%]**]7&3 330
()= E9& OA AN FEY
SH= Uebdl Aolth 40
b A9 YA o
= o) A= wkapetol

WEE U Fig. 2(b)
FZE% }OJ =718 (dP/dt, kg-
g 2(b)oll Al Tz Hpe}

.
EN
g
=
2
flr =

. _[EL
7
B

>~ ]IEZ
1o

m[u & jﬁl

f/sz/hI‘)‘g 1/}151-14] Zlolt}. F

08 - - 80
T™P 70 LMH
0.7 - AFLUX A 0
60 LMH
- 0.6 - y - 60
'}‘E 50 LMH
G 05 A— - 50
& 40 LMH
D 04 L 40
o 03 - k30
=
F 02+ 20
01 10
0 - ; : : L0
0 300 600 900 1200 1500

Operating time (min)

(a)

Flux (L/m2-hr)

o] 40 L/m’-hrojl A& 2FZEAR} 571801 0.0003 kg
fem’/hrz wj$- 2o kS Holtlr} 50 Lim’-hritE &
23] Z7154o] 50, 60, 70 Lim*+hr Z+z} 0.0034, 0.0125,
0.0430 ke*fom’/hrS LFERJ QL) what, QAIEE AL
upzExjeke] Wkt A WAEA] e 40 LimhrE
Agstict A8E dAASEAR volagE HE /57
of upe Lol £ Br1E s

3.2 Ol0|A2HE 20| B2 2ot o Tt

k45 ym 37|19 vpo|ARHEL rEHO 9
Bo|| H251o] wbd T}t @1}, Ak} ¢
S ofsiAl7| T, Aol vt B AT T Ak
Hrl o8 Ao A 0.1 pm ©]3}2] nanobubbleo] &
| FHO= protein®] F2bo] A5G, oH]
ZZ+E protein= nanobubbleo]| 2o]&to] A AT H
TEFATHWu et al, 2008). TS Fig. 3(a)oll A&} 2o

5 grol e Rejute] sibaier wsks
nol Al ojnge] £9517) o Hlo] FUgt
ol vla upzkaieto] =4 dsthe A gl 5
7} QlH. Fig. 3(b) vhola=HE o4 9] =kat
ot S7H& (dP/dt, kg-flem’/hr)& ERATE mho] A&

S oHsol Ut Aol AR S0l
0.00014 kg*flem’hr2 & 7S Helon nfo] 21
B& FUBHA ek S 0.00029 kg fem/hrE e}

el wekA] mpo] 32 ES oJabgo] =g H
$- 97 S7HES oF 2uf Z:hﬂ STt
o 005 7
£ 0.0430
a
€ 004 -
*J
-
[*)]
= 003
Q
=
& 002
o 0.0125
g 0.01
f ' 0.0034
0.0003
=, 2 N
40 50 60 70
Flux(L/m2-hr)
(b)

Fig. 2. Evaluation of critical flux; (@) TMP and flux changes with time and, (b) TMP increase rate(dP/dt).
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Fig. 3. Changes in TMP according to presence or absence of microbubbles; (@) TMP, (b) TMP increase rate(dP/dt).
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Fig. 4. Evaluation of cleaning efficiency by aeration / microbubble; (a) cleaning efficiency, (b) cumulative cleaning efficiency.
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Fig. 5. Amount of effluent foulants depending on the time; (a) turbidity, (b) TOC, (c) DOC, (d) UV3s4.
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