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Performance and mechanisms of gravity-driven membrane filtration for
water treatment without cleaning
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Abstract: Based on the problems of decentralized water supply and conventional ultrafiltration process, a gravity-
driven membrane ( GDM) filtration process was developed, which combined the dual rejections between bio-cake
layer and ultrafiltration membrane and had the advantages of no cleaning, no chemical supply, simple operation,
low energy consumption, and low maintenance. Results showed that flux stabilizations of GDM were observed
during the long-term treatments of river water, reservoir water, and synthesized water, indicating the practical
universality of GDM process in treating different types of water resources. The operating conditions, including raw
water quality, operating pressure, membrane configuration type, membrane material, membrane pore size,
temperature , intermittent filtration, and pre-treatment, affected the structures and compositions of bio-cake layer
formed on the membrane surface, and consequently exerted impacts on the stable flux of GDM and its membrane
fouling characteristics. Flux stabilization of GDM process was mainly determined by the structures and compositions
of bio-cake layer regulated by the biological activities. The bio-cake layer with rougher structures, more abundant
pores, and less extracellular polymeric substance ( EPS) excretions, could contribute to a higher stable flux in
long-term GDM filtration. Compared with conventional ultrafiltration process, the bio-cake layer formed on the
surface of GDM could efficiently enhance the removal performance for turbidity, assimilable organic carbon
(AOC), and ammonia. In addition, pre-treatment of slow filter could effectively modify the structural
characteristics of bio-cake layer, improve the stable flux of GDM, and enhance the removal performance. The
findings of this paper are expected to promote the extensive applications of ultrafiltration technology in decentralized
drinking water supply.

Keywords: gravity-driven membrane ( GDM) filiration; bio-cake layer; membrane fouling; flux stabilization;
decentralized water supply
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Tab.1 Information of raw water quality

DOC/ BAR/ M/ UVys,/
IR
(mg:L™")  (mg-L7") NTU em ™!
1Lk 3.06~7.13 0.43~1.25 3.16~9.58 0.078 ~0.119
K 1.16 ~2.58 0.15~0.33 1.15~3.69 0.023 ~0.041
IK K 1.21~2.89 0.07 ~0.25 1.23~3.87 0.025 ~0.044

BEPIfTAK  2.06 ~4.15 1.81~2.85 2.26~3.55 0.040 ~0.080
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Fig.1 Flow chart of GDM process
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Tab.2 Summary of GDM process parameters

5 HRHEFE SR E £
S I(E2(a))  JFAKKE IR BT K K AT K, LA K Bl B 36 1
S 2(E2(b)) BITES 0.006 5,0.012 #10.02 MPa
TE3(E2(c))  MEHMAZEM S YRR 1 AR 1 SEH1,3,4,5,7,8 F19 SCIGIR L Ky
S 4(E2(d)  EMR PVC & 4 PVC 442/ PES [ PVDF i 20 C 484F/F 1559 0.006 5 MPa
SRS 2(e)) LR 100 ku, 150 ku f10.22 pm Sl 2 SCRRE 20 C
LIy 6 (1 2(1)) brY3a 5,10,20 #1130 C
SCU 6 B E F18 0.006 5 MPa
T T(E2(g))  [HERIETT FETE 1,2 13 AEANJE (24 h) pafa) BRIl 53304 3,6 AT 12 h
TE8(E2(h))  EMEM BB A AL IR O BE R A2 (xR
SR O(E2(k))  ZEAIEMMTALEE ORI BRI YRS (GAC) (R
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Tab. 3 Information of ultrafiltration and microfiltration
membranes
ha=2 25 MBS/ R Ay F R IR K™ i
1 PES 150 ku Microdyn Nadir, 45
2 PES 100 ku Microdyn Nadir, 75 5
3 PVC E & 150 ku LT, R E
4 PVC A4 i 150 ku SF
5 PVDF 150 ku SETE
6 [Z 0.22 pm R, ]
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Fig.2  Flux variation of long-term GDM filtration under different conditions
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Tab.4 Removal performance of GDM process for turbidity and
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Fig.3 Removal performance of GDM process after flux stabilization
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Fig.4 Morphologies and internal structures of bio-cake layer
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Fig. 6 Relation between stable flux level and EPS concentration
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