B S (B - R

=

S " BIEEKEM IR S

AR FsiRRE © BIILRRRPHSORER

T - RET B

TRELEZE © HAE

HEEAE - 10111 A 19H& 11 H23 H
WmEHE - 1014 12H 6 H



RS

International Symposium on Water Supply Technology (HE/KFZflrEUFEMHETE) H 1988
FREHAM RS —E g K B=FRE - SFECKEAF UE - K
JE €2 HH International Water Association([EdF4 7K 7€) #1 Japan Water Works Association
(HAKER &) E 5 INHARERE T -

SEEEFR VW EHREH B ¢ Preliminary study on the control of membrane
fouling by catalytic ozonation (LAEALME R EALFERIE AR Z 1 H50) - e B4
G R A E A A AR R LM R A LRl - AR EEIEREH K ZFIK > PRETEITR
ARG ~ eI 2R 8 2 R - DUREINEEKKE 2%
B RBESTRIH R IE AN B /KE B E 7 o KA B PR EHE 24 2 $21F
UERERV AR - WM E A E Z EH/KKE - T EE BN RS 5 i 9Te T am e
o

B gtk - BRAOK - HER - BLEAL o R



[l

H = [

R e 1
I = S 4



—~ HHY

International Symposium on Water Supply Technology (ft7/K¥Z figBIFE s &) B
1988 A s H At P B R — e g LIk - B =F 38— SHECKEAEUE -
220124 11 A 20 HZ 22 HAE H ARERT - ATH SR 5K H Japan Water Works
Association( H A7KE 177 &)1 International Water Association(EFE7K A& 3 - AZEL
@ HEVa a3 B85 © Preliminary study on the control of membrane fouling by
catalytic ozonation (PAE(L MR BALIEFRIEREIGYE < U B9%) » Ay 2 Ae Bt S [EH]
DUR HACE H A B R B TR S > B T B e BRI > WA SR K BES
S TEIZEAIRA (4

— -~ iERE

S UE SRR T H International Water Association(EHFE7K 177 &) A Japan Water
Works Association( H A7K &7 E) [ F 2 S - FAth A3 A 2 f1F5 Ministry of
Health, Labour and Welfare (H A4 25E)4) ~ Japan Small Scale Water Works Association
(H A/ NRIZK3E 7€) ~ Japan International Cooperation Agency (H A B[ 177 1444#) ~ Japan
International Corporation of Welfare Services( H A& F1f %5 P& 2 5])F Japan Water
Forum(HAVKEwiE) S » By HAR T 2 B H AOKREAEH 7 BRI -

AfEgr 2012 4 11 A 20 HE 22 BIEHABERT - SEEZ KRG TR
Resilient Water Supply System - Pursuing Safety, Sustainability and Environmental
Friendliness (R A A] 214 7 /K 2 8--1BK 4 ~ KENIERBIAEZM) - b gsRaiE
TR Al Es | DR R KRR 2 /KRBT 5 28 A B4R RLlT
I )HEOKZ BEEFIEE A o [FRF - AEERAFE 311 RHE R H Az Sthla K
ZbFHE N B B P TR AR S - L BE R K B K 2 A B R S B R E SR >
PE o NI A e iR A —55 6 © Toward Water Supply Systems Resistant
to Earthquake and Tsunami (M HUENTUSH < /K 248 AVaEme  DMtEE A &
HRNTIER -

ARGk 2 B N E A RE T EEEE# (keynote speech and special lecture) ~ £
HE#7 5 (oral presentations, 37 &) ~ %= C1BEH 5 (short presentation, 27 &) FIFF /G 5%
Z<(poster presentation 43 &) » [FIHF G 2R HAHBH L P < J2 B (Exhibition, 64 PG £
) o Srig F BB EEE SIS T IWA EF Dr. Glen T. Daigger ~ IR EIAREHIT
Dr. Akira Koizumi ~ TU Delft X224 Dr. Gertjan Medema ~ 558 KEZ#% Dr. Suing-il
Choi ~ WHO B Robert Bos FI[E[FFAE Dr. Shuili Yu S5 A « BIEr 525 A H H
A~ SEE - P - RRE BBz - fahE - AtPER - BRI - R HIE ~ ZER
=

SEEFFR VW EHREH B ¢ Preliminary study on the control of membrane

1



fouling by catalytic ozonation (NSC 98-2221-E-020-002-MY?2) > 58 A BAAREE & A iR
ZEEMEMEE LR EA LR - AR EEEHK Z FIK - BRET s 1 e i
IE ~ 4EFPNIIEEED 2R S E 2 R » DU KK E 2 22 A4
AT E /KB E S b A B R 240 2 IR P4 A »
fftemE ZHHAKE - IHREREE N ARG E—mE 25T imElE - DL A
B 2 A TAE A B AR

FH—RA1/19)
TS LA ERER S P S - S A TR SIROE -

2 KR(11/20)

ErEEEEREE - FEHGIEHEEER - ErrEsRthEE MO TR
BRFSKER b e i G e R EoA B B R - EA SIS EE R ARE 3R E - U IWA
HZE Dr. Paul Reiter 3:[5] EFiF% » MER R T E#REZ Y Dr. Akira Koizumi #1T

" 'Water System Maintenance for the Next Generation Urgent Need for Earth quake Resistance
and Renewal | SRS » AHEET IR - 0 H m BHE0VHBE RS M 4Es 848 E - DIK
KRG EEMEARR - B EiEncE KEAREERS - KRR R4 A S8 i
Hasgm—ER - BAT > H AT BHI =AY Pipe Stars Project » 5158 T 2 it
TKEGRIVIRIE ~ g » DUBUK RSB RS E—E - ST mEryEEN S
B DA A R IERERIAH BR R o #ETTHF 2% © Dr. Glen T. Daigger HIILA " The IWA Cities
of the Future Approach to Achieving a Resilient Water Supply System - Pursuing Safety,
Sustainability and Environmental Friendliness | ARE - 5838 5 7 NIER BN E > H
AEVINFREE K ERERE s EH - 2 RrEEHAET 2 mMErRsT - [N
RS A RSV K E R E RGO TIIRE L -

TFHEHRANS RGBS BRI T MR - B R

"'Water and Sanitation Global Monitoring - to 2015 and beyond ; (Mr. Robert Bos,
WHO)~" Major Science and Technology Project of Water Pollution Control and Management in
China 4(Dr. Shuili Yu, [E7AEL) " Prospects and Approaches for Implementing Water Safety
Plans at Thua Hue Province in Vietnam ; (Mr. Tran Thi Minh Tam, Vietnam) ~ " Water Utilities
and the Climate Change Imperative ; (Mr. Paul Fleming, USA) ~ " The Research Outling of
Intelligent Management System of Water Distribution Network ; (Dr. Suing-il Choi, Korea
University)F1" Safe Distribution of Drinking Water without Disinfectant Residual ;(Dr. Gertjan
Medema, Delft University of Technology)ZE 3t 6 35755 - &S DI TIERAL 2 B
HEAE - FRHEFKEEDH - ACTIZER] ~ K2 e ~ BOKRGUEBNDH BRI
ZHHRE EE - H Dr. Medema £25 » 1€ 2005 F#E » FERTRAER T B0 50

2



AT BACKMEE 2B R HELSMYEE T B BAOKETHE - HEras
REHEMIE ~ UV ~ BRI UV/H202 > {ERREI AR REGEHE T A ZS

F=R(11/21)

AH EFRKGZHE —F Al Em&E (Special Session) > FREFy " Toward Water
System Resistant to Earthquake and Tsunami j (7K 248 S EE R AR 2 NIE) - %
RKEZ Prof. Masakatsu Miyajima £5f > BiE/EAEZEI B HFE R/KERIEANSRER ~ A
G AKE A3 B = RS —RIRL i A4 PSS University of Canterbury #Y Prof. Misko
Cubrinovski » ¥ EFHEHA 311 KHUENDER - DU A 222 A7EREEE - B K
LEENBHREIEY - BT hs - AR EAE SAUEMNEE)TH - Atz $
BV K BT R BN R ET S E 3 HE/ N HEHH 204 KSR FIREE -
It > RIS B B P R A IV B K S i A T A B DU B IO AR5 DR 2
= I BR8N TR E S0V E S BIRE B AABRE TIF - MAEA RR4trE e H$
i AEZRARERREE T 2 SHIE R K RS B/ NV E - (H2 2
HIZIERR S ER B TR EEZRCKE SR > 140 EERNEENZE
Tz KBRS » DL PVC 1 PE METEAECK 2 B - EKFEH AR - HZR
RN LIASE -~ PR E N E 2 IO KE S DL ENER T ESESS -

WA RN A B g R R DA ISR S I ] B 2 H AR Z s (AR AT
BEARAMRNER AT S < 45 G M2 R E A S A R e b R A (LR EAE
FpZasat » MIHFERR SRR IE R Z R » HA AT 7 VR AR 2 iRaE
1 (Toshiba) B S 7K Z bt 2 E0 P IRy MR RN T N BB (L 95 & - H 3% B H
AR IE#ETT DUR N E(U V)T T/KBR BRESfH  9T o ERIIL - B KRB 2 O H RIS
HYsRRE T TR AT » IEA - K& EWHEEALAY Minoru Takemura FAFBHZE B TRAIAEH
MAREH Z s H AT - BN UREE I E b lZE B ET /KR 2 J7
= > EEEER EAVEERTTE - (EP 2 a R o

Treatment Technology with Safety, Security and Environmental Friendliness | » FH R #} AER
Prof. Sadahiko Tto FHF & am S EAr fIEA RIKE SR ~ RTREE - SIS -
JEFERE ~ Pf/KEAZEE ~ BRI TFERE -~ AR~ Ry EVKER - T
#%7K38 JapR Delft University of Technology % - H iy 5 AY NS ERERE © DAY R
BXHZK Z AT HEERET ~ BRI/ K R @A YIRREERlT ~ BB R 2 /K8 BERk
HIEERR ~ AYEoR R < 5HE - S e b b ISR IR R ~ EXFHZKAVADY)
BEMPRETE -

FEIUR(11/22)



ARARGHE LI R E R EFE G > DU B E 2GR e ek -
ARAE i " LR e RIS KRR | 4sE Rfriile 2 Fags - BT
EXFHAKZE 24 - AR /K ERI K RV BERE - DU BB BT AT RE S R IR
B 7EE > RRADAE—FAANTIENEE - DIHECR N — QY RKES DUKE R
& - B DR E G ) RIS ARSI BE BRI ERR T
RESAMECR/ KBNS & Z (RSN - $HY B ZAREE S EAHIE ~ BRI B H BN
AFE - [FRFEH BRI UK RGO T 2ty & oA - DUNE— B SCE AN -
RERFAE A BEKE i A B E i M8 W2 AR AR AR R T IEAEARAE ALK - 58
= T UK EENBIR & F ) 2 EEE AR - AR RSt < 25 (F
FATH AL FETAR » (AR EERAEE 24 - DU TSRy - B R
HMERVBIR SO - DM S BRSBTS K E IR (& R EH 2 B - f&i%
FERAR A > BB LB & 2 R B Ry s e — IRV IR & 3% > PR T
g E Z 5N AHHFHEUKEYERSE b RESA P AYERRE - I HAHY
ST ERES 10 EAVEIFERES & -

BAR(1/23)
(et ERE TR IR BIRGCPIHES - B PSR R S B LR -

=8
AR HIEE e - bR T8RNm0 BN REFH TR RASES R

ZEN o B RHYREAERY T A B 52 H B/ KR BERCAT_EHYSR IR0 ~ RA Yy #EE
FIPRISE ~ DU B A BRI - HAT - SEaaKpa B s e E 44157k
Ao (HE > NI EARAVIIFEEER - ART S A LT A E N KR B
AILUERARR - L B R P RS EYVE 25 Ee R Ebar e > AL - ¥
FAMTHIBASERIEREE A Z TR - RAGRHE /K B SRy £ 3 5 1) © BEAh -
AL ERKEHEZIFRR > WRKEEEES 2R B ER B - 280
FEHH HAS 311 AIAPERE 222 Ay AR RIS SEEE K S8 a2 BARE » H
A (E Y BRSNS - A B FE R A 15 L8 S AT RE I AR HY 3T
& o R FE T TS ENCE IR - A RR - R NBUFERES R Rt
IR BT EE A S ME B NG SIME: - A RESfefE E RV E SR AR
FIEE K TAR R - B8 KEREHEMAERHINA > TSR R B i 5%
JEe [Fl ik B YR

ARG HAT H AR AR Pacific Yokohama &35 T » 5LM(E - S8 A
Dl NEL > ARG LIIGEE X EEMES - B EEE O HsEEGE T
o WHRES A BRI R g S T RSN > NSRS —E 5 - E

4



TR AR AR SR 27

I~

AR SHEEE B A =S8 — ey T KRR & | &8 ="REd& LA
KRB S 5 B2 RSO AIE am R - 20t MY RIRE R

. HREARHEERIERGERELL - [FE 5 ZHE - % - ReEARE > HF
sV E a2 NCIRRRETEE 3700 A - RGUETEAMA/KEB/RE IR A A= - 8
IKZ B BRI B K 2R S B B M ER IR R e 5T - NI - R BUNRE
Sy RTINS 5 A BB A KR B K A et A BRVSORAM AR - THEEFHAR
311 KEZ 1% > A2 HIERIN MUK ARG BV E N ST EE T 20 - IREE
S E HAR BRI AESR - Wb FE H AT BOK R EAGIR - KA BIFInsRE B e
B SE F ARV ERERE ST > W EERIE1ERER -

2. FHEIN ZFRHEHF BIRRTE g > AEERT - PRI E SRR L
HE I RIEHHEST > Rk Tl B W AT osd R > It LU A A
B T KR EA E B BRSO B SIEE &) - UK EBUKERE
S AT DALL S — (BRI R AT ank - BRSO AV BR M AR T Bl - AISRIBURT BEAL AR
) L Eh A B EAERE U S ENE R BN T 5 - A B BB B A AT S A
I MR /KRS FE Rk - RS LB EE L I AR 22 2 T B KRR FH KA B 2 SR fe 48
i BRI FAOKE TR E BN > ic LRI - UK B[R] i S TR
AE] > R EARHIE) R -

I

a -~ sk

1. SRem = -
<Session No. 1>

Preliminary study on the control of membrane fouling by catalytic ozonation

Kuan-chung Chen"** and Yu-hsiang Wang'
'Department of Environmental Science and Engineering, °Emerging Compounds Research

Center, National Pingtung University of Science and Technology, Pingtung 91201, Taiwan
Keywords: ceramic membrane, fouling, permeate, ozonation, ultrafiltration

In this research, heterogeneous catalytic ozonation was used in a ceramic membrane

system to investigate its effect on the control of ultrafiltration membrane fouling. Humic

acid solutions of 8 mg/L were used as model solutions. Ozone and nitrogen gases were

injected into the membrane system to study the influence of oxidation on permeate flux
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decline. Commercial TiO, (Degussa P-25) was used as the catalysts in catalytic ozonation.
Various operating conditions such as gas flow rate, catalyst dosage, and ozone dosage
were tested. The hybrid process system integrated oxidation and filtration technologies
was expected to promote the formation of hydroxyl radicals, to prevent the occurrence of
membrane fouling, and to increase the efficiency of the removal of DBP precursors.
Dissolved organic carbon (DOC), ultraviolent absorption measured at 254 nm (UV254),
and permeate flux were monitored. Model solutions were first filtered through the ceramic
membrane system and the permeate flux gradually declined to around 60% of its initial
permeate flux at 240 min. Then nitrogen gas, ozone gas, or catalysts and ozone was added
immediately into the hybrid system to evaluate their effect on permeate flux recovery.

Experimental results showed that the permeate fluxes were recovered up to 83% and 92 %
when nitrogen and ozone gas were injected into the experimental system, respectively. The
removal efficiencies of DOC and UV254 were both higher than 95% under tested
operating conditions. The addition of TiO, only recovered the permeate flux from 60% to
71%. This implied that the scouring effect of TiO, particles slightly removed the
deposition layer on the membrane surface. The influence of TiO, combining with nitrogen
and ozone in the membrane system on permeate flux recovery was also investigated. It
was observed that permeate fluxes were recovered up to 85% and 90% for TiO,/nitrogen
and TiO/0zone, respectively. The difference of permeate recovery rate between these two
operating conditions could be concluded by the formation of hydroxyl radicals from
catalytic ozonation. The optimal operating condition for maximizing the permeate flux
recovery was TiO; 3 g/L of , O3 gas flow rate 150 mL/min, and 2.5 mg Os/L. Under this
operating condition, the permeate flux was recovered up to 98% of its initial permeate flux.
For the maximum removal rate of DOC and UV254, 97% of DOC and 99% of UV254
were removed when TiO; 5 g/L, O3 gas flow rate 50 mL/min, and 10.0 mg Os/L were

applied in the system.
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Fig. 1. Effect of catalytic ozonation on permeate flux recovery. (Operating conditions:
TiO, 3 g/L, O3 2.5 mg/L, ozone gas flow rate 50, 100, 150 mL/min, water
temperature 20°C , pH 8.)
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