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Abstract: In this study, combined effect of airflow rate, TiO, concentration, solution pH and Ca' addition on HA
(humic acid) fouling in submerged, photocatalytic hollow-fiber microfiltraiton was investigated systematically. Results
showed that UV irradiation alone without TiO» nanoparticles could reduce HA fouling by 40% higher than the fouling ob-
tained without UV irradiation. Compared to the HA fouling without UV irradiation and TiO, nanoparticles, the HA fouling
reduction was about 25% higher only after the addition of TiO, nanoparticles. Both adsorptive and hydrophilic properties of
TiO, nanoparticles for the HA can be involved in mitigating membrane fouling. It was also found that the aeration itself
had lowest effect on fouling mitigation while the HA fouling was affected significantly by solution pH. Transient behavior
of zeta potential at different solution pHs suggested that electrostatic interactions between HA and TiO, nanoparticles
should improve photocatalytic efficiency on HA fouling. TiO, concentration was observed to be more important factor than
airflow rate to reduce HA fouling, implying that surface reactivity on TiO, naoparticles should be important fouling miti-
gation mechanisms in submerged, photocatalyic microfiltraiton. This was further supported by investigating the effect of
Ca™ addition on fouling mitigation. At higher pH (= 10), addition of Ca™ can play an important role in bridging between
HA and TiO, nanoparticles and increasing surface reactivity on nanoparticles, thereby reducing membrane fouling.

Keywords: humic acid fouling, TiO: nanoparticles, photocatalysis, submerged hollow-fiber microfiltration
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.M B A At EEw 2HAA AR 7159 AAR
&5 FINA REYE AHHOE AN F YTk
e 7 rled By B 352 ol &dt =A< ol9} #HANA Hhg] ZrAR dE] AHEEE TiO, U
PHOE Y £5 L9ELS F4H0E AAS EYAe o8 F&4sEd HE) =3t o g o
of AR FEFEATE & 7 AL AgH A & HAsta Au|gor w& FEHu §HE IS F
FAe FHl vle] AR} Goldttks Aol A AL B ofUet TiO, Y=JaA7t Ad AFH o2 &5
tH1,2]. Ao I Microfiltraiton: MF) Z-& 8-9]o] 3} A Y] A8 Al AFAR7IEd 9T RedE F
(Ultrafiltration: UF)E X8 A<t Bgute] 7% 71t VAo g ZHaNZ & doks AH ol Qlth16-18].
A

4 e getaom £xo] HH o] 3 utAle] HS #20) AF Felw 7140 Ade 19909 tel Aok
QiHoE B%e Werld AH AAAA FUYL  Hol AFAAE FUIH B AT ol RoiA
q

il

S 7hl q4azAs e = o & Atk FEm A B9 Ve FH2 F0E &
FYHE FNE7 e LEEAR U T E(Te g o AH AAY Z Eg%y 34 dhg7]
DNIAYE B AFFoE ZaNA EYHY 1 THAA o]FAZuEE T3 2dEHY AAE
< A7ANZ T ATH3B.4]. FINA F2PE FaANPH FA FRFEds F
2 #A4E 7lEY g FHAE E7st 4 & A71E St 71E9] ATl mEd AAY A
FAE A AdF Fo EAlste dEHA G719 E ozl Egut A2"d TiO-UVE ZAEe slolHg=
A9l A9-f7] Z(natural organic matter: NOM)dl| 23 2 Alzdle AAR7IE AAd w$ EHRH Y]
e ghed A2 od8] sidsiof & FA ot RuE 1 QIth4,17,18]. 18U, #Z0) slolHgt &
AAF7 TS FhaE A 25FAHE(disinfection by- glut A 2Eo A ARG B3 B2 7+ T2 S5 2
products: DBPs)= A448& 4 JOoBE FHE Al Ad S ARG e A we F8% 9TS
F7189 AAE ¢ Fsth3-6]. + Al FHAA 3t thokd 8o x4 ofsf YFE WS F Aok
de A&Ee MF 299 A% 3537170 ¢F 0.1 3].
umo g AAR7ES] A71E 1S A AAES FE0 AAE FEH Azdd #F B WA=
°F 20% AEE ItA £A gtk webA Fd FA Bty AAR71E] AAY Ed i wA=
A A8E F U= Y=o FH(Nanofiltration: NF) &2 AAES] ML ol E Be I Yoz 37 9
A F4H o ZH(Reverse Osmosis: RO)9F &2 L3 o 53], JAE LAY AAR7E 2Pl AH
g Vgl A AARVER QG 4 dF T s A FFe = 7 dve =yt AAE #F A
daAd FHAA dLe7FY TAE sl AAT T QANMAE W AdHe B AT FHL
AU RFHOERE AARTVEY AAZE FFL AAFNES AYste Tio, UedAE 283 HA
g gstth g 350 FIA ALAG g AM AAfRTE 3
AAF71Ee] ALAH A #FEY FFo2Y F3 €39 vAE A4S BFs= ok ARHoE F
o7 QA FF9 7y @Y d5HoR v 59 A 71%7] A71, TiO: &%, §99 pH, 181 +5 HE
AR89 8L ol FFHE 719 &+ 2|91 27} %ol &9l Ca”e FE7F AURIE F&F o
Aol HuFy Joi7,8]. AAR7IERZ s LAY} MAE FFe #Esty JAY FS9 FIA AL
v Ao et ey e dAHE 2T 3 T A AARTE Y TA7AS olsfst
YA WHOE AANI e FATE . ol& A &St
AAF71EY] A oiFEE FEve FFHEE uvt
o &S FEAZE F 7] wWEoltH9,10]. o8 o 2. Al
o FA AT ByH 7l 1348 34 52 84
g5 34 55 2% stolrgn EEY Alado] 2.1, AXE UV 22 S3At dEo{ntEx|
AtEe ALl e Qoi11-15]. ILF4ks FAH 9 B Aol A8H JAY TIAY A NI
A Y 7l 0F ZL AJAUVIRA T Fig. 19] Yepth. £ A= WA 1.7 mm, 9
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Fig. 1. Schematic diagram of a lab-scale submerged, pho-
tocatalytic membrane reactor treating humic acid under
constant flux mode of operation.
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Fig. 2. TEM image of TiO, nanoparticles tested.
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Fig. 3. SEM-XRD analysis of TiO, nanoparticles tested.
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Table 1. Summary of Experimental Conditions

HA (mg/L) 50
TiO, (mg/L) 150, 75
CaCl, (mmol/L) 1
Air flow rate (L/min) 1, 2,3
Flux (L/m’/hr) 100
UV intensity (watt) 4
pH 4,65, 10

al vhth 9ake wxol wA B4 F ASsan
2.3. TiO2 L=}

&2 ATl AE 48 TiO, (Degussa, Germany) 4
EUAE o] &ste] Ade FHsAY. Y& Tio, o
={4Ae] B AE 0 7(TEM, Transmission Electron
Microscope, Philips CM200)3¥ X-A 3]&7](XRD,
X-Ray Defractometer system, Rigaku, DMAX-2500)=
o] &3 TAAEE Figs. 29 39 47 YERUS. Fig.
2014 HE= upek 2ol Tio, A A o 15 nm9

AEE Z= ZASZ Ygyt E3 Fig. 39 XRDE
A4 TiO, YYrAe 80%9] anatase Z277¢7

20%°] rutile ABGOE o]FolA Qs g &
AN B APAA ALE TiO, YA A5 @
ko 2 QYAbEo] SAA Ha ol FEu vhgo &
dsle] ¢t 2 FFE HAA 2 ALE Ao W

S71e FYAA Tio, ¢ 2
405, HWASHIN)ol| 30% 59 =& A7l 7 Age A
ABFATH4,19]. £ AT E 759 150 mg/L F 7}A

TiO; FT5o ts] #Z

mN'
o o
2
Iy}

2.4, 7|t &Y =7

B oo M= Humic acid (HA) ¥5(50 mg/L), &
#} flux (100 L/m%hr), UVAI7](4 wat)S T 2002
sti IR S AaATIEd AuFd JdAE Felst
71 913l TiO, &=(150, 75 mg/L), Air flow rate (1, 2,
3 L/min), pH (4, 6.5, 10) 59 Z7& WAsH o<
Fo A5 4H37HE Tl BFSAh =G pHol
02 FA7H 44 WAL A e v e 9
Z3l7] &) thEAQ 27F Yol 23 Ca” (1 mM)
FH 3eYS #ESHT. Table 10 £ A
A& Qokste] YERYGIT.
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Fig. 4. Normalized specific permeate flux declines due to
photocatalysis under UV irradiation in submerged, hol-
low-fiber microfiltration without aeration (HA = 50 mg/L,
TiO, = 150 mg/L, UV intensity = 4 watt, pH 6.5, set-
point flux = 100 LMH).
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Fig. 6. Effect of solution pH on membrane fouling in pho-
tocatalyic, submerged, hollow-fiber microfiltration (HA =
50 mg/L, TiO, = 150 mg/L, UV intensity = 4 watt, air-
ﬂov;/ rate = 3 L/min, Set-point flux = 100 LMH, without
Ca"™)
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watt, airflow rate = 3 L/min, Set-point flux = 100 LMH,
pH = 4.0, without Ca+2).
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