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Table 1 Raw water quality
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Fig. 1 Schematic diagram of the pilot-scale setup
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Table 2 Different pre-treatment and operation flow
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Fig. 4 Characteristics of filter cake layer during direct
ultrafiltration
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Fig. 5 Characteristics of filter cake layer during floc adsorption pre-treatment (enhanced optimization)
adsorption pre-treatment
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Table 3 Effluent quality under different process conditions

TU COD TP TN

e BE/NTU - £ % BE(mg L) PR ERR/% BE/(ng L) FEERE/% HE(mg L") FHEERR%
BAEEE <0.4 98.33 15.00 37.50 0.17 15.00 2.87 67.01
BIR-BIEALIEHED) <01 99.58 7.00 70.83 0.08 60.00 3.17 62.92
LR-BIEEIEHIL) <01 99.58 8.50 64.58 0.12 40.00 2.82 67.02
Zik-useRibiifl) <o 99.60 6.50 72.86 0.08 60.00 2.65 69.01
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FEACAL BRACSR . BEAMXTIZ 4T 83 d SR AL AL T2 i i H K B4 T T 42 UK RS AR K, S5 %,
BRAESA AL, HAKBTIIAF G FE SR KR HE (GB 5749-2006)

2.6 FEIKERAS

IR T — R BRI T AL T2 KR o PR K A 32 B 43 S R g A 1H
o B 2452 3 A

D) BT IH P . g BT IH AR 4 =X ()" S 5. — R R e T ik itfk T. 242
FTE ] 43503 2k 25 d 183 d, AL I VERS 155 6. dy W 244 -8 8 T 2 FfL Ak T 20 68 8 i 1) A %%
FEIK I ) 5 A k3 R 80.65% F1 92.77% . K BHARARA (D) IHE S B R AR T2 ik T2
AR AT IH 2% 23 914 0.296 T -t F10.258 JT-t 0

Cy
Yo = 22%365mk0 M)
Kb v, WEERMKITIHRA, JT-¢Y Cu MBS, JT, ARBE5E C, R 10500 705 n i &
S-S AR, a, ASHBESE ndS ay k B UE M0 A ROSKEHE 5 AR, %; 0 N FH-KE,
th™, AFFRPON1th,

2) 250 2. TR N RE BRER Bk S R AR . K R A BLEREL . BEms R L B kR
2R, MR ARBOINE N 10 meg L (AR B, RIS, AR R 0171 o6t H
LR T 2 e e ERN 10mg L™, Wiskibib T 20 10d, 5 73 d LR &R
Smg- L™, BT LA IE T 2 R E Ak T2 MR 2 20518 0.171 56 -t 10,102 Jo -t IRE TR
B Sk A AL AR B, CHBINE N I mg L' AA AR, WA EMKE, AL N
0.122 7T -t™'o JF LA 45 245 750 2% FAE I, vl 45 22 (K -8 08 T2 A Ak 00 4k T2 245 500 2% FH o B 2
0.293 JT-t ' 1 0.224 G-t e

3) ML B R R KR SEAML, BB 0.5 JC-(kW-h) T, BRI NK S, KA
0.009 JC -t o KRB UERETIH SR . B2 . R TRAR I, WA Rk T A ki T2
FEIK ARG R 0.598 It A1 0.491 J6-t 'R A T3 S5ai A — R - g ik T 20 4
o, AWsRiE T 2R T T 20 . L8R HRE S & MBnek L 20%).

3 45ig

1) — Rk Eh SR8 T2 e 20N ZB5 g, KoK, s OE Ak 5 R 12 17 e [
i 80d.

2) R BRI DEHE s e IS OA TR, (ABDE LTI Yol £ HEEE
BEUEYFE G Ll Siv Camfb Aol £ LAR-BIEMRAL AT, W& UHZ 15 Y W LUBKEE 22 1k & Si.
CafutbaWhE, HARREKREE M )2, Si EEAMAIEIEDHRIRT GRL i £m); ik



1858 woE T

[

S

LIRVE

s

FE T 4 b ok 2% s % o
3) EfRfE, HERMFRE R — AR AGBIE T AW EERNE, LEREDHE XN E
YIRETR 4y 2Bk COD., P; smALfLAL)E BB 17 7= K AR A 0.491 JE-t ',

2

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

% 3wk

-z [7). S R R B B K AR E S AEAK T B3 v (i I [D]. R

H RHRE, 2015

CHENG J Y, LIU K L, LI X, et al. Nickel-metal-organic framework

nanobelt base composite membranes for efficient Sr** removal from

aqueous solution[J]. Environmental Science and Ecotechnology, 2020,

3: 100035.

WU S Q, LU C J, MA B W, et al. Long-term direct ultrafiltration

without chemical cleaning for purification of micro-polluted water in

rural regions: Feasibility and application prospects[J]. Chemical

Engineering Journal, 2022, 443: 136531.

WU S Q, HUA X, MA B W, et al. Three-dimensional analysis of the

natural-organic-matter distribution in the cake layer to precisely reveal

ultrafiltration fouling mechanisms[J]. Environmental Science &

Technology, 2021, 55: 5442-5452.

AANI S A, MUSTAFA T N, HILAL N. Ultrafiltration membranes for

wastewater and water process engineering: A comprehensive statistical

review over the past decade[J]. Journal of Water Process Engineering,

2020, 35: 101241.

RS B NE Sl “bN N

HEK, 2021, 37(10): 66-70.

FEOCER, EIHE, X, 4. IR BETLIE/ T2 O TR M A T K 8

FE[]. FPELKHEK, 2019, 35(23): 78-84.

FHIT, HE T DU B AR T 2 2

[7]. HEZAKHEK, 2017, 33(8): 69-72.

BRI, Tk G . R IR T AR /R R (3],

2k HEK, 2017, 33(7): 12-22.

TKIE, 4T, BN R T2 AL R K AL A SRR 3B A TALRE ]
#57KHEK, 2020, 36(23): 37-41.

BRI — R I8 T2 AR KT BRI, P E 45K

HEsK, 2021, 37(10): 71-74.

LK) B R E g K

KT RN

YANG X B, YAN L L, MA J, et al. Bioadhesion-inspired surface
engineering constructing robust, hydrophilic membranes for highly-
efficient wastewater remediation[J]. Journal of Membrane Science,
2019, 591: 117353-117362.

YANG X B, YAN L L, WU Y D, et al. Biomimetic hydrophilization

engineering on membrane surface for highly-efficient water
purification[J]. Journal of Membrane Science, 2019, 589: 117223-
117232.

TLALSC, R, TR, A5 oK A B o R R AR B 1 PR 0T 7 i e

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

23]

[24]

[25]

[26]

271

[28]

IEPRE R B AR % Si Ca WMLE W N E, (B, BRih SRR T 20 A 1R,

AL,
ZHAO C W, SONG T T, YU Y, et al. Insight into the influence of

2019, 48(2): 418-423,

humic acid and sodium alginate fractions on membrane fouling in
coagulation-ultrafiltration combined system[J]. Environmental Research,
2020, 191: 110228.

RITIGALA T, DEMISSIE H, CHEN Y L, et al. Optimized pre-
treatment 'of high strength food waste digestate by high content
aluminum-nanocluster based magnetic coagulation[J]. Journal of
Environmental Science, 2021, 104: 430-443.

B S, 2SO, XU, 45 — (AR Eh 2R BB I vk i e S5 L]
[7]. FREERLF, 2019, 40(2): 731-737.
— R k- IB SR T2 ik L WF9E (D]

HRE, 2021,

XIEHA LR AR
MA B W, YUW Z, LIU H J, et al. Effect of low dosage of coagulant on
the ultrafiltration membrane performance in feedwater treatment[J].
Water Research, 2014, 51: 277-283.
GOH P S, MATSUURA T, ISMAIL A F, et al. Recent trends in
membranes and membrane processes for desalination[J]. Desalination,
2016, 391: 43-60.
bedy, ToKMI, AT, 25 — IR OR ARG M-S 4 & T2 R9BR
TS YRLAELT]. BRI, 2008, 29(1): 87-91.
CHENG X X, LIANG H, DING A, et al. Effects of pre-ozonation on the
ultrafiltration of different natural organic matter (NOM) fractions:
membrane fouling mitigation prediction and mech-anism[J]. Journal of
Membrane Science, 2016, 505: 15-25.
CAI Z X, BENJAMIN M M. NOM fractionation and fouling of low-
pressure membranes in microgranular adsorptive filtration[J].
Environmental Science & Technology, 2011, 45(20): 8935-8940.
MA B W, LI W J, LIU R P, et al. Multiple dynamic Al-based floc layers
on ultrafiltration membrane surfaces for humic acid and reservoir water
fouling reduction[J]. Water Research, 2018, 139: 291-300.
ZESCIL, TS, wisi, 5. — RN g T R R S
MU, BREERLE, 2018, 39(3): 1248-1255.
S S 2R S IR P RE AT R oKk A0eE S HLHRID]. dbat: hE
BREBERE, 2015.
BDE, T, WRas 15, 5. pHX R EEEUEA & T 2 HERE AR [T]. 3R
23R, 2016, 10(4): 1713-1718.
i, e 2, AR, A5 IREE- B IR T 2 A B AL Iy K R JRK

[J]. FREE T F2E4, 2014, 8(1): 210-214.


http://dx.doi.org/10.1016/j.ese.2020.100035
http://dx.doi.org/10.1016/j.cej.2022.136531
http://dx.doi.org/10.1016/j.cej.2022.136531
http://dx.doi.org/10.1016/j.jwpe.2020.101241
http://dx.doi.org/10.1016/j.memsci.2019.117353
http://dx.doi.org/10.1016/j.memsci.2019.117223
http://dx.doi.org/10.1016/j.envres.2020.110228
http://dx.doi.org/10.1016/j.jes.2020.12.027
http://dx.doi.org/10.1016/j.jes.2020.12.027
http://dx.doi.org/10.1016/j.watres.2013.10.069
http://dx.doi.org/10.1016/j.desal.2015.12.016
http://dx.doi.org/10.1016/j.memsci.2016.01.022
http://dx.doi.org/10.1016/j.memsci.2016.01.022
http://dx.doi.org/10.1016/j.watres.2018.04.012

%5 6 ] WA — R R ARk T2 hilist rALnE 1859

[29] X, HEDBSE, SR, 45, ST LRI —AZURIE T 2 Hhikis TSR], FREE T R4, 2021, 15(6): 1887-1893.
(97 4% % %5« vl 41)

The pilot-scale performance of integrated iron salt floc-ultrafiltration process
for drinking water purification

FENG Wentao'?, WU Sigi*, MA Baiwen™"

1. School of Civil Architecture, East China Jiaotong University, Nanchang 330013, China; 2. Key Laboratory of Drinking Water
Science and Technology, Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing 100085,
China

*Corresponding author, E-mail: bwma@rcees.ac.cn

Abstract A short integrated membrane filtration process has been gradually become the drinking water
treatment research focus because of its small area and stable effluent, while the information regarding the
operation parameters and membrane fouling characteristics is still limited. Here, the pilot-scale test conducted in
Changzhou showed that the integrated membrane process performed excellently; in comparison with the direct
ultrafiltration (UF) process (only operated for 7 days), the membrane fouling was significantly alleviated for the
iron salt floc-UF process (operated for 25 days) and the optimized floc-UF process (operated for 83 days). The
related stable operation periods were prolonged by 2.5 times and 10.9 times, respectively. According to the
scanning electron microscope and energy spectrum analysis, the inorganic matter was the major constitute of
membrane filtration cake layer and also played a major role in causing membrane fouling in the
absence/presence of iron salts. The results of effluent quality showed that the average turbidity of the integrated
iron salt floc-UF process was lower than 0.1 NTU, and the turbidity removal rate was higher than 99.5%. In
addition, the removal rates of chemical oxygen demand (COD) and total phosphorus (TP) increased from 37%
and 15% to 60.58% and 40%, respectively. Moreover, the floc utilization efficiency of the optimized flocs-UF
process was higher than others, and the water production cost was 0.491 yuan-ton".

Keywords ultrafiltration; iron salt flocs; integrated process; a pilot-scale test
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