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Effect of Hybrid Process of Pre -ozonation and CNT Modlficatlon on/ H,ollow

Fiber Membrane Fouling Control | - ¢
GUAN Yu-gi, WANG Kai-lun, ZHU Xuue-dorg, DONG Dan, XUFleiao-rléi, MAVapln, LUAN Gl;iﬁro;lg,
GUQ” Jin~ F = Y S g

(Séhool of Env1r:)nmental and Energy Eng,meermg, BéjngUmvemty of Technology! Beijing, 100}124 China)

Abstract: Polyvmyhdene fluoride ( PVDF) 'hollow flber altrafiltration membrases ;fflere modlfleﬂ with carbon nanotube (C'NT)
Combined with | the ozonation process, the leffe¢t of the| hybrid pre-ozonation, and CNT modification on fouling alleviatigh™ was

e

1nvest1gdted The /impatts of CNT loading mass/ and ozoite dosage on the variation of flix and antifouling ability of the membrane
moderés were evaluated Unider a critical fluxof 144 L (m -J¥) Z45=CNT loading mass of 3 g-m™>, and ozone dosage(0,/DOC) of
0.22 /mg-mg~ the tesults revealed that thefiltration Volume of t the hybrid process was promoted to 850 L+m~*, which was about 4. 5
times highier than that*of the original unmodified membrane. With a flux of 18 L-(m?+h) ="' and 15 day operation, the filtration volume
was promoted to 3 000 L-m~*, which was 10 times that of the unmodified membrane. The fouling membrane surface was observed
using confocal laser scanning electron microscopy (CLSM). The results demonsirated that more living bacteria were present on the
membrane surface of the unmodified membrane, which showed a rapid transmembrane pressure (TMP) increase. Both pre-ozonation
and CNT modification decreased the total amount of microorganisms and the amount of the living bacteria as well, which mitigated the
increase in TMP. After pre-ozonation, the presence of a CNT layer on the membrane surface further decreased the number of living
bacteria. Although the CNT layer captured some dead bacteria, it had no obvious relationship with the increase in TMP.

Key words ; ultrafiltration membrane ; sewage effluent; carbon nanotube( CNT) ; O, ; membrane modification; biofouling
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P AR A || R P ok i R R CNT
G T RBIE L AT DRSS CNT ik s
YT R A B KR Gallagher 25 ST
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1.1.1 :%ém & y
ARSI PR K 2 K AL Tl K2R 5

KA R K, JFUK LS Tl K22 /X

FSCBRA TSR, AKRRSEIS, 2 muk b B,

1R G KK B UL 1.

o

®1 ZHRHKKE
Table 1 ~ Water qualities of sewage effluent
Y| DOC/mg-1.~! pH TN/mg-1.~! TP/mg-L ™! COD/mg-L ! UV,5,/cm ™!
B 7.1~12.2 7.5~8.6 18.1~25.5 2.0~5.3 30.6 ~54.0 0.15~0.21

1.1.2 kPR

ASZE I FH PVDF Hhas 21 28 8 JE 15 22 1 M
BB AR A RIESE, H e B 2K
SRR 2.

®2 BREREREESH

Table 2 Performance parameters of the ultrafiltration membrane
ESTEST] i ZF AR
kA SR 98 2.4 (PVDF)
FRFRFLAZ/ pm 0.01
JEEET 2 N AR/ mm 1
PEEF4EHME/mm 1.9
A RUE Y em® 100

1.1.3  fRYKA

ARSEYG T CNT W 3 A6 98 R B & e A fR
FARA T, MRS 30 ~50 nm, KEHN S5 ~20
pm, 4ifFE KT 95% , [LEMMAKT 60 m*-g~', Ui
3 BE 0.22 grem ™.
1.2 SLERE

AR S0 v LR A O | AR SR AL R 5 S 56
FHIZE S % B o0 i, 1202 00 P AR O -p o =z
17, K RE R Sebris K gk, Seaeiit 4 4
AL, B DK + B, @K + CNT
SRR, B %ALIK + B @E LK + CNT Btk
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TRIOGEN) , JfH| H R & 43 #r % (UV-2100, 3 H
IDEAL) 7 540 5. R4 IS AR F A B4R
HE, H5RENEKIEAZ P, A S %k
ERh I At v e RN U N
Errh A (L 0,/DOC i) #4410, 0.22,
0.45 f10.70 mg-mg ™", BUEPAICR I 4 417

"
=

UESEHS, PVDF W28 2R RAH 1l 3 RG], oo ik
A 100 em®. ASLE RO, 1,3 F15 gom™>
f9 CNT $ % R 2H A7 AT el e, TS24 ek 1Y
TR LS % S0k [20] . AR SCG B WP o7 1% 225
IR RS Gt O, ORI R R et B Ao
F Ll AT g AR 2 4R 45 i 4% ( programmable logic
controller, PLC) Fl 44 1%, HE 1% 52 B0 X) HL R 1]
WEsh A | IR ARGy | RE A S . RED TN
EESIEC iRV E/ T TR BUN Sk STHCIRD PO 23
J% 2% (trans-membrane pressure, TMP) | # 7K i i |
PRI E] | Feptim s RGeS AT A s, Y
I8 BT e ) 3 AR G RE L (80120 kPa) I H
iFIEIETT.

I ] | I
i : 14 ! |
: i ) | l : !
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: | 1 u |
| I 1 N e |
! ! o | R R |
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| | P | = |
- |
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i | B # I
| - B } — |
| cHL s | :
: A : I
! | BAAKAN Rk |
| T = — i
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| RS ... oA J

E1 [ER-EwmEETE

Fig. 1 Schematic diagram of the constant flux-dead end system

ek 5388 12 (1) o

ST 58 T SR T AR A T R T 1
PRFF R AR — /M3 i J,[90 Le(m®+h) ~']
NastT—Bemira], AR RRE R (A, iR SRiZd R
rh S T 25 (AR AL SRR AL g, a4 S E
PR B s (AJ = J, = Jy ), T8 I 58 AH [R] 7 1]
B, IRzl b s R R 22 s k. ER UL B
TR, R e i i, B R 25 A R AR TR
BCE R AE R B (] B L 85 5 2 N AR E IR Ok
UL A BEIE 0 T, (VR S0 TP o B e £
kD, W g, RAEX AR TMP fE5E 1)
= NS T 11| 1R S 1 =1 Y A | Y e 1

1.4 JBEERT A 975 Geuii

ARSI v i S SR A 0O H1 9 B BE (confocal

1.3

laser scanning electron microscopy, CLSM) ( Olympus
FV1000, HAS Olympus 2 7)) Xif I 2 1 2F 47 00 0.
SEES IR AUA 0.5 em® AT, Y ikl &
{#i F§ L7012 LIVE/DEAD © BacLigh Bacterial
Viability Kit. SYTO9 FI Propidium Iodide ( PI) #7143
)X 7 B B A TR AN O A T e £, SYTO9 5 i
PR R i P e BB 2T 5, 3 5IHC 1.5 pL
[y SYTO9 il PT ¥ 51 A R IIA ImL 8RR ERSE vhi
W ( NaCl 137 mmol-L™', KCl 2.7 mmol-L",
Na,HPO, 4.3 mmol-L~", KH,PO, 1.4 mmol-L™"),
TEZ R B CIAEE T 94 20 min. FF4T UL A 5 H %
PRER S W O AR i A TR R Uk, BRI
Uk, LI bR R S S IR AR ) & T
MR K2, SYTO9, Propidium iodide %% €25 %)
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FKOMBLAE ;. BLAE-CNT BRI T 20%F PVDF Hhas SR i e

Wk KBTI 3R 480/500 nm, 490/635 nm.
B3 A ) Tmage] B, 08 0 26 1 05 ZE T 0 96
GRS

2 HR5R

2.1 CNT s 5 ARG IRZH i 5 52
2.1.1  CNT f e G 4l 7K 38 1) 52 1)

CNT 1 a2 %14l 7K 38 2 (4 5% m W 2 fip 7.
MR LA 1, AR TMP T, i3 CNT 2 14
(R 40 7K 3 A LU SRR 7 A T O [ AR B b v, O
Higma 5 CNT B9 78 e A D¢, BEHC TMP 2
40kPa B WAL ME 2 (Rl A8 A, PR Mgk 1,
3.5 g-m MY CNT J&, A b SRR A4 2K 3 £ 5 Sl 42
T 9.1% ,20.1% , 24.8%. iz 5 g-m™> CNT,
aikEERE SR E, 133 gom > CNT MIX T3k
1 g-m™* CNT, gli/KiE M T 11.0% , Mz s
g-m > CNT F 11283 g-m 2 CNT B2k i ALz
T4 T%. ZERERY, HER CNT 8T A g
JCRR 5 v Y Al A . 5 AR BF 5 45 RO
Ajamni 25Ul RS AR 08 09 0K CNT £k T

FraUBER T, K BUA CNT 23 BRI A 2K A,

TR, Ajamnd 5 GUTISK B 75 ONT'
VSR B 2l ONT 5 T ] S (R AT S 0 2
WAL AT 75 A i T s A g, (O
509 ¢ BE{ -, CINE MR 3 1 L 1 39

Syl ENT/ S RFE T, $270 T ONT My

il e
2. 1.2 (BUE-CNT BB T 2o S E A

AR RSB AR CNT 3842 % 28 7F s
Sl R N 3 Bk, B RIBE A At =4 min,
TRBH S AJ =18 L-(m>-h) ~', WIABEE RN J,
=90 L-(m?-h) 7",

M E 3 W] DA, fE i UE AR R KBRS, AN [A]
CNT B 28 i H RS 2E (s S A R] S 40 8 o
Xof FEE L A1 i St A B e 3] T OGS . A rpR]
DB, TEERE K, A EN 0.22, 0.45,
0.70 mg-mg "B, X)o7 B5% 2H 4 A I S 38 2 40l
108, 144 162, 144 L+(m’-h) ~'. RAHKE K 0.22
mg-mg B, BEZE A Il S R AR R 0
mg-mg~ BFHERE T 25% , REKHE N 0.45 mg-mg ™
W, BEALPRIG S s AR, 298 162 Le(m’-h) 7',
Fad g JFK I T 50% . K3 (a) 4 41 TMP JL
SPICAT B DX, 3R B B SR K B 7 2R CNT %
ARG TMP SERAEH. MAER 3(b) Fl3(c)

b SO 3747
60
(a)
50
40
£
=
= 30|
=
20 F
—=— Jii i
10 —a—1lgm™
{J 1 1 1 1 'l ' ' 1 1 L
20 40 60 80 100 120 140 160 180 200 220 240
60
(b)
50 +
40 |
£
=
E 30
20 |
—— J5i
3 em™?
0k —a— 3 gm
{J 1 1 1 1 1 1 1 1 1 1
20 40 60 80 100 120 140 160 180 200 220 240
60
50 -
40 k=
£
=
E 30+
20 +
10

020 4}] ()(I] S[I] ](;[] I::(] ]4IO ]6'0 l!é() 260 22.0 240
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