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Membrane Fouling Mechanism and Control Strategy for the Pilot-Scale

Submerged PVC-UF Membrane Process
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Abstract:In this paper, Lujing water supply plant in Jiangsu was selected to carry out the investigation in order to understand the
constitutes of the membrane fouling, comment on the membrane cleaning methods and obtain the proper cleaning sequences. In the
experiments, water quality of the raw water was measured ; membrane characteristics of the plant and membrane cleaning methods were
thoroughly analyzed. The results indicated that the hydrophobic acids ( HOA) and hydrophilic matters ( HIM ) are the major
components in the raw water, 40.34% and 28.48% respectively in mass fraction. EEM’s results also demonstrated that aromatic
protein [ are the main constitutes in the DOMs. In addition, the turbidity can reach around 0. 1 NTU and the DOM can be removed
partially by the PVC-UF membrane process during the water production. The constitutes of those emulations demonstrated that inorganic
ions and NOM were both contributed to the membrane fouling. Ca and Si were the major inorganic contributors; aromatic protein [I ,
SMP and fulvic acid were the major organic ones. According to SEM observation the sequence of the membrane cleaning should be HCI
first, then NaOH.
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Fig. 1 Schematic diagram of water treatment process in Lujing water supply plant

R1 EEAKIT 2002 ~2007 EiREKEEKFRIER
Table 1  Main water quality factors of Lujing water

supply plant during 2002-2007

75 iH F(ERiE| FH
1 R/ 5~14 8

2 ME/NTU 10 ~240 50

3 pH 7.22 ~8.27 7.74
4 JAEE (CaCO,)/mg-L7" 116 ~242 144

5 EE/mgL! 0.13 ~0.30 0.25
8 Efb¥/mg-L! 9 ~46 19. 43
9  AkFAEEE(COD)/mg L™ 1.5~3.9 2.5
15 MR A /mg-L"! 1.63 ~2.26 1. 86
16 Bk EE/ D mL! 160 ~ 3 600 425

17 BKRMHEEE/A mL ! 110 ~ 1700 449

18 R EHEE/ A mL ™! 130 ~2 000 1325

19 JkKi/C 3.0~31.5 18. 4
20 BB/ mg-L7! 84 ~ 141 106

21 ¥4 (DO)/mg-L! 6.20 ~11.8 8.15
22 A% (NH; -N)/mg-L~! 0.02 ~0.50 0.08

AR5 5 o 22 ) AN ) 2 P Jo 4 K A A HL ) 7
AT g ) e T W BT 245 R s ) R T I R K
KA VL AT 73 . e J7 3645 K AR b A BL W 453

Jp 7K (HON) | 147K 5% (HOB) | #4 /K2 (HOA) |
5514 7KW (WHOA ) Flfif L SE K 4143 (HIM ) 5 A4~ 6
gy BT SHEAERT 2 W SR [ 11 ).

=YL (EEM) £ T 2K s f#
PEAT ML) R AE . AL S0 F-7000 = 4 5% 43 B
Y (Hitachi, Japan) , K FRKT, KK (E,) 7
200 ~ 550 nm, AR (Ey ) 7E 200 ~ 400 nm.
1.3 JEI5 QL5

W8 25 P K B M R 22 it 4 T S R RS 40
S 4K (Milli-Q) . pH =2 ) HCI LI & pH =12
() NaOH 43513290 24 h( #5) , BUH 5 T $uE 35
T4 (DHG-9146 A K5 7%, Th E) HE T, 2R J5 #k B —
/NEE 9% 4 R R FH 1 H HL B SEM (S-3000N , Hitachi,
Japan) W55 L JEE P | A1 T 9 T AR AE

WA X T G RS 0k 1 i 1) A5 ALY % i DOC (TOC-
V ¢pn » Shimadzu , Japan ) Il UV, ( Spectrophotometer U-
2910, Hitachi, Japan)435#E47 7 2. >R FH L JERS
BB TR R SHETE B (1ICP-OES) (OPTIMA-2000,
PerkinElmer Co. , U.S. A) X ¥E i W B9 TCHLI5 440
R AT I, IF R H = 4E 92 % 43 B ik (F- 7000,
Hitachi, Japan) X B35 4 04 A ALY Bl o3 1 17 %5 531
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2.1 HBIEBLE TR b
2.1.1  JBE R 5K H A

Xof L Aok S R Ao BB A B AR K B (g 2) , ]
DA BB 5k 08 s K i o B T R R, RS AE 0.1
NTU 284, 15 21 B 52 8 A A 5 A 36 Ak R K B
FRUEY (GB 5749-2006) i oK. K 3& H 7K A0 XF F
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Wi 2 38 99 9% LA L, T LR X 7K H B0k 4 1Y) 25 B
R B T K B DOC E B B BT/ 0. 075 ~
0.122 mg/L,UV,,, F K& 0.004 ~0.005 cm ', SUVA
HFFET 0.05 ~0. 12 (SUVA {8 B B A 2 7 /K v 55
T AR AT ML) & B R ) L 3k i B B X A L
YRR AE A B, AT K b T WL &R B F Ca, Mg
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Table 2 Comparison of water quality before membrane

and after membrane

28 Ji T K Ji 8 7k
W /NTU 3.9~15.1 0.08 ~0. 12
pH(16.4°C) 7.69 ~7.77 7.70 ~7.78
DOC/mg-L ™" 1.41 ~1.755 1.353 ~1.633
UV, /cm 0.036 ~0.043 0.032 ~0.038
SUVA fH 2.19 ~2.28 2.07 ~2.23
B Al/mg-L7! 0.027 ~0. 042 0.02 ~0. 045
& Ca/mg-L7! 34.63 ~38.68 31.13 ~37.96
A Mn/mg-L~! 0.01 ~0.04 0.008 ~0.03
M Fe/mg-L~" 0.007 ~0.02 0.02 ~0.034
M Si/mg-L™! 3.58 ~5.33 3.34 ~3.99
S Mg/mg-L ™! 5.92 ~8.16 5.82~7.12

1) K#EIE 0. 45um £F 4k € X5 /9 TOC {H, B >4 DOC {H; SUVA =
100UV, /DOC
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Fig.2 Mass fraction of the components of the

DOM in three kinds of water samples
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Fig.3 EEMs of the raw water and water samples before/after the membrane filtration
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Fig.4 SEM of the surface and the cross of the UF-membrane after cleaning
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®3 HERBEBMSEM/mg- L

Table 3 Composition of the extracted solution after cleaning/mg+L ™'

20 1, MilliQ 7K pH=2(HCI) pH=12(NaOH)
DOC 0.766 1. 405 6. 838
&S 0.99 0.53 7.99

B Fe 0.023 2.57 0. 034

M AL 0.13 0. 82 0.30

S Mn ND 0.72 ND

M Ca 1.19 4.32 ND

B Mg 0. 098 0.75 ND
UV,s,/cm ™! 0.016 0.141" 0. 109

1) UV, I E 5Z Fe T4k

em ™' BRUEJS DOC N 1.405 mg/L, UV, A 0. 141
em ' BEBE I VEBL A DOC He #E 4l K RN R 12 ) 43
BT 6. 072 mg/ LA 5. 433 mg/L. R F1H8 B Bt
B A S B Ca T Si. Ca AT Si AT RE S
T YL B ALIC K. HC RES 4 HL 5 VE Ca, T

(b) HCI Ya AR FE106%

Si AT LA P B Mk BRI, NaOH ¥4 ¥E 25 B A HIL W 1 280
WA 5 DLAERF I 45 R — 80 ) DL R 2
A, R ARG B Ah 2 P A ik R e A 1
WF R 5E F HCL W Uk, P F NaOH 35 k.
2.2.3 VRO =4S o bt

X B Al 7K | PR R B I R T G R A O I R
T =4 e M, e 5 fis. i K S ml %, 8 4l K
R YT BT Gl () VR RO e 2 AN RB kA O A
PR T 28 A LY. TR FB X 15 G 1) 3 U 3R
B VR S E R A XA ML A R
HWR R SMP Fls B 25 HLY . B8 U T TT LA AL
b 2 B B P BT S g A DR T B e AR A
T, EBRANY SR Bdr, RO R, X 5 2. 1.3
7 45 SR — B, U8 I S R DD 1 A HIL 38
T RS YL PR ER I O 3 0 Ak 2= 25 500 3 Tk g
% 9 J 756 43 B3 .
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Fig.5 EEMs of the extracted solution after cleaning
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