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Abstract: Effects of operational conditions and solution chemistry on permeate flux in a hybrid ozone-ceramic ultra-
filtration (UF) membrane system treating natural organic matter (NOM) were investigated. Results showed that the extent of
permeate flux decline was higher at higher cross-flow velocity and ozone dosage, but it was higher at lower transmembrane
pressure (TMP). The mechanism of fouling mitigation was found to be more dependent upon reaction between ozone and
natural organic matter at/near catalytic membrane surface than scouring effect due to ozone gas bubbles. Addition of cal-
cium into model NOM solution at high pH led to significant decline in permeate flux while the calcium effect on permeate
flux decline was less pronounced at lower pH. After permeate flux decline during the early stage of filtration, the flux start-
ed recovering and approached fully to the initial value of it due to degradation of NOM by catalytic ozonation at ceramic
membrane surface in the hybrid ozone-ceramic membrane system.
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Fig. 1. Schematic diagram of hybrid ozone-ceramic UF
membrane water treatment system.
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Table 1. Typical characteristics of Lake Lansing water
(Haslett, Michigan)

TOC (mg/L) 8.6~11.6
UVasy (cm™) 0.16~0.18
Alkalinity (mg/L as CaCOs) 145~157
Nitrate (mg/L) 0.44
Total phosphorous (mg/L) 0.06
Hardness (mg/L as CaCO;) 190~198
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Fig. 2. Ozonation vs. Oxygen sparging in a hybrid ozona-
tion-ceramic UF membrane treating natural water (ozone
dosage = 9.5 mg/L, cross-flow velocity = 0.47 m/s and
TMP = 0.68 bar).
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Fig. 4. Effects of cross-flow velocity on dissolved ozone concentration under ozone dosage of 1.5 mg/L (left) and 9.5 mg/L

(right) (TMP = 1.36 bar).
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Fig. 5. Effects of transmembrane pressure on permeate flux in a hybrid ozonation-ceramic UF membrane system at ozone
dosage of 1.5 mg/L (left) and 5.5 mg/L (middle) and 9.5 mg/L (right) (cross-flow velocity = 0.47 my/s).

& FVINEFE BAZH2AE ZFUloy 94
(5.5 mg/L) OIDFoﬂA T &Y FHFS VAR H
o] EFHZEx Frte FAFHA g}, g} e
3 & Ay o AxEle] FALEFAF T thre-
shold valued EA= 7|&9 dFdAE 808 4 ¢
om, ol A5 540 B2 2EQ 7T
N2EH YR 22 F4&E To 7ldates Aoz dd
Ao 12].

Aiek o]l FAEH 2 HAE YT B A

£ Fig. 59 JehRSlT Fig. 5ol UERA wpe} o),
0.68°l1 A 203 bar® WIgtE o Zrle EFZTY s
BAT daE xYega gz%‘—%g ZIAAR
ENZgro 3Eo] ArjHog =0 ukzigtEd)A
£ EdFolA gt =¥ E}ﬂ?ﬁw- ZANAL
W &E 0EY BEV gA FUgeE BFET §

HAEH<l, Al 18 ¥ A 4 3, 2008

FZYro Zrlds avA EEHo|A EIgGu).
fAoz =o ggoz EF i ArHL 9
Al et EAo] gl FedFol FAHL of
A& FedE Ao Ut FAEHLE FH

}?)]'

o ok

FaN AoE wuud HedF 439 e
£3 2950 WeRe FLAL £ A AL
ARE,
3.4. ER7IEk2(TOC) HAHE

g ERECR X E R S
of vlAe L Table 200 VIS ATlA B
kg gol, 0ES FYHAL W ANHOT 5
eze) AAEE 02 FUHA Sgre Wug o

o 47184 AALE A4S
£ ZARAT LEFAF 9

10~15% =4 Yehg
= Z7 N

= T E S
=558 38k



4 ox Az

DY
re
o
N
ik
o
ok
rr

gelojg A2dlol Be)8etd 54o) FREeEad vAE 9% 359

Table 2. Combined Effects of Operational Conditions A Zd A A5t dg 27F 9ol-g MEsy
Dosse () on the TOC Removal (P S BEIEe] A ot Pl
068 bar 136 bar A Zl? R _%?& A%E Flvg. §°ﬂ UrE_hH &’it} A

011 047 08 011 047 088 AR FANsy S4o oY &AE H2s457]

m/s m/s m's ms  ms  ms o] B Adgede g EY axsEEEE 9%

0mgL 137% 18.0% 20.1%  20.7% 172% 18.8% A FAANTI pHY 2 EFEAAE HESIHT
15 mgl 206% 255% 31.0%  265% 326% 26.7% Fig. 60 B+ niél o] wto BFH2 W &
55 mg/l 18.5% 23.5% 332%  353% 27.9% 34.3% A& FtA A A &g = e B
95 mgL 13.5% 209% 37.5%  299% 40.7% 35.8% g 4 9dslnh 2o pHAllAE 2255 daglel 2
Foll ¢ AAF7E=E Adste Ay FiE

< B2 AABEERNAN FAHVHA AAL O o dge & TS A g e Ao
ERAYE & A 28 gtE e 24 2 =& pHAllA = Zgol EAlste AF d#x7] 4
& AAE W G i os v Aoz ¥ 3 RS20 T2t BAY 5 de AT &
HAS 718 AAEY F7he A AT v 2 9ot 3 Zgpo] EAIEHA] L= AL B pHol| A
°f £& WABFEEAA A2E f §& 2EFEY ez8d AARIES £ pHEY B 2777 &
/IR Jl8f 719" Aog ddd Ty & FEG2E O 22N § U Joz #AEAG
BEoz Q) AARI|Eo] ARAR HajEEAM o AlgtEete) o3 F2 o] Fa le TiOe A4 pH
o 52 FAY F Jong Ayt mHeA Zu ol FH3E W FHAM A3 pH (% 4.5) o4
AEsEe AU £ YRS LH2AS A5 AN e we FHd U B4 et
s Ao dastt ArAy [11]. AAR7IE] LEFHE F¢ AAdR71E9 7]
B718 ol Fx 3= e, J8a HE)Y HE

3.5. pHet Ca'?o| S2tZe A0 olxle A o) ZrtalmE Ad47)Ee EWZEI) HE &
T e&-Ay v Nz"elA AAF71E] 83} AFE 72 H1 =L pHolA SHsE wE A
HzxAol FAEH 2 WAE GFS HEHT. 9 2l ouk g A7 vhig o g o) 9 o] A
£ Hel ¥ d@lA = Suwannee River 29 2 f7) & & 9. AfHoR =& pHANE AdA47EH
=< ol g3t en sata G SN pH A Zhgr7ke] BB Aol ZylEEM Adgr|Ee Ew

E e
09 i
o - )
= 08 %f Ww@
3
“oog7 U G
- ]
5 ®
E 06 o
& 05} %
® ®
ST P T g,
g 03 t LY
=z o0z || ®=nom e
- @NOM(Ca+r)
04 ©G3-MOM pH =3
OO3-NOM{Ca+r+}
0 L L N
0 20 40 60 80 100
Time [min]

Normalized Permeate Flux [-]

05
04
0.3
= O
0.2 SNOBCa++)
0.4 CO3-HOM pH =8
: OO3-MOMICa++}
0 1 : =
0 20 40 60 80 100 120
Time [min]

Fig. 6. Combined effects of solution pH and calcium on permeate flux in a hybrid ozonation-ceramic UF membrane treat-

ing Suwannee River Natural Organic Matter.

Membrane ]. Vol. 18, No. 4, 2008



360
As7t 248 32 s Hu Addez go A
3HE WE TIO, ERFH FA71HA A o] LAYSHAA

el 2de I 4 ik 2y AAsA] O
ojgld o]g A 7HA EAERARVIE, 2F, 2L
Alete) o 29) Aol 2gshe Fuago] #F
TE F U WY #dd g8k olen g4 o]
o EH' A7 A% g Aok

AgAF N BLE w9} go| AAR7ES A
am BuY Ao H JEAEL AB2777
Ehges ag AYAE 402 AT F A
2 dgA zz—zw Ewwa CERES
TEHAO R

=
=

il
=]
w

AgET A oE F pH %MH &
A3 Ast pH 8N &2 2FY BT
TEET oF 48] A% dgton A¥ &
9 FH7IEAS F5¥F pH 33 vln
30% 9 ZHaste A0E Jebgth 4987
J}EFA ,} ;]EO }_UHEHO ]
&S FY A EL2 pHAAH 2F t'sz?}
Fabs gz 2o gz AsAEe
2 8 AY o 2HAAM AdHIE

Z 4 Jud Hoz ok 10].

b
2

NEE AEdte £ 2&- Ay EnE
AABEEE, WYY, 281 LEFYFH
Az, 899 pH 183 ZEd 22 39y

e T e ¢ 5 AU
-Alete g A x"dA ] F
Eo tiF £ e A=A
g, 24 223 Mgy % 29 34
E Apole] W4, AA x}eﬂwﬂg—zﬂr /Hl

Aste

rr re
o

ox rlo [

)
< =2 F{O

N
i3
o
ok
Eg‘_,:

fo o

rr

|

o 4
o
R

2

2
N,

L= S T

i

4 2 >

it

b

U

N oo g

o,
mlo

ot by o ofo Mo B %

S T

.‘v‘l-o

A2k

ol %

Hugel A 18 A A4 3, 2

ngg

+ AUALE =& pHIlA BE I7hete AL2E #

ZEch Aety o gWo g A&HQ 9&Y FYL
TR BHEY2E HET £ UL ol S
EQL AU Aetd e zAo A RAss S eEits
o osf AdFEe] EH WHELE FATRHAT)

2b A}

E ¢F%& National Science Foundation -4 A€

o2 FYH3oH old ZFA=HUL.
2328

1. AWWA Membrane Technology Research Commit-
tee, “Commitiee Report: Recent advances and re-
search needs in membrane fouling”, J AWWA., 97,
8 (2005).

. R. D. Reardon, S. V. Pranjape, X. J. Foussereau,
F. A. DiGiano, M. D. Aitken, J. H. Kim, S. Y.
Chang, and R. Cramer, “Membrane treatment of
secondary effluent for subsequent use”, WERF fi-
nal report, TWA Publishing ISBN:1-84339-738-2
(2005).

. A. Braghetta and F. A, DiGiano, “Nanofiltration of

natural organic matter; pH and ionic strength ef-

fects”, J. Environ. Eng., 123(T), 628 (1997).

o]gZ, W&, “Aety Add 3 BAY FF

E434 @ nEs A58 a=AdFAH, Y
B9l 18(3), 191 (2008).

CERg, HAZ, R E, <AXde AE A o
Ad At gl /‘L’:‘%M/H Ao 9Ay &
s, d Hel ol 16(1), 31 (2006).

. J. E. Kilduff, S. Mattaraj, and G. Belfort, “Flux
decline during nanofiltration of naturally-occurring
developed organic matter: effects of osmotic pres-
sure, membrane permeability, cake formation”, J.
Membr. Sci., 239, 39 (2004).

. A. Rubia, M Rodriguez, and D. Prats, “pH, ionic

strength and flow velocity effects on the NOM fil-

tration with TiO»/ZrO, membranes”, Sep. Purif.

Technol., 82, 325 (2006).

K. J. Howe and M. M. Clark, “Fouling of micro-



10.

11.

AAR7IES Aelshe £F LEARY B8P3t A2 BB S| FAT2 BHE 9% 361

filtration and ultrafiltration membranes by natural
waters”, Environ. Sci. Technol., 36, 3571 (2002).

. U. Gunte, “Ozonation of drinking water: Part 1.

Oxidation kinetics and product formation”, Water
Res., 37, 1443 (2003).

S. Lee, K. Lee, W. M. Wan, and Y. Choi, “Com-
parison of membrane permeability and a fouling
mechanisms by preozonation followed by mem-
brane filtration and residual ozonme in membrane
cells”, Desalination, 178, 287 (2005).

M. Hashino, Y. Mori, Y. Fujii, N. Motoyama, N.
Kadokawa, and H. Hoshikawa, “Pilot plant evalua-

tion of ozone-microfiltration system for drinking

12.

13.

14.

water treatment”, Water Sci. Technol, 41(10), 17
{2000).

B. S. Kamik, S. H. R. Davies, K. C. Chen, D. R.
Jaglowski, M. I. Baumann, and S. J. Masten, “Effects
of ozonation on the permeate flux of nanocrystal-
line ceramic membranes”, Water Res., 39, 728 (2005).
ojmM, 9473, “PES-TIO, &7 Az ¥ %
EA BV, @B 17(3), 219 (2007).

F. J. Beltran, F. J. Rivas, and R. Montero-
de-Espinosa, “Catalytic ozonation of oxalic acid in
an aqueous TiO» slurry reactor”, Applied Catalysis
B: Environmental, 39, 221 (2002).

Membrane ]. Vol. 18, No. 4, 2008



