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Table 2 Variance analysis of operating control factors

i TS5 Rl df ¥y F Sig

HEEALAY 1170.29% 8 146.286 78.423 2.053x107

4 16 759.609 1 16 759.609 8 984.691 8.210x10™"

IR BN 2R I T 654.734 2 327.267 175.499 6.176x10°°

SuR/A 1] 184.064 2 92.031 49.337 1.411x10°°

K3 52 s [ 79.321 2 39.660 21.262 3.891x107™

[i] & 8] 252.172 2 126.086 67.594 3.792x10°

R 16.788 9 1.865

Bt 17 946.688 18
BEIE R ST 1187.079 17

¥ R=0.986(JH#£R*=0.973); *F/RILIEAC L4 ik 7K F-40.05 5

R JH SPSS BRAT: X 45 128 47 45 i DR 38 68 o B¢ - Al B e - 2o e i BEA T 1 SETH oA, AR ANEE 3
JiR o RP G T B IS AT R DA X LA 3 oK R S A B R T 4 R (R AR R
ZEMVEAS X o 26 3 A5 aa A4 b A 28 S M g g JIE 1 32 sl i A9 G 3T e A R, 4% as A o [
Z 00 9 LA K- ISP 24 R i e R R s, BRIV B A 38 200 romin! i B [E] 10 min, 7K )
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Table 3 Statistical analysis of average membrane fluxes corresponding to operating control factors

FEF T R 2R M KA e 2 PRI KT % o7 Fg - 47 BB St 5 1L
S HZEKF BAREHE/(L-(m>h) ™) PR 2 95% A X [A] N R 95% % X[ FR

50.00 r-min"' 22.022 0.558 20.761 23.284
I Bh A 100.00 t-min”' 34.064 0.558 32.802 35.325
200.00.r‘min™" 35.455 0.558 34.194 36.717
10.00 min 32.276 0.558 31.014 33.537
kA ] 20.00 min 26.026 0.558 24764 27.287
30.00 min 31.240 0.558 30.978 32.501
20.00 s 27.704 0.558 26.443 28.965
K F3 02 bt ] 30.00s 31.089 0.558 29.827 32.350
40.00 s 28.749 0.558 27.487 30.010
1.00 min 27.716 0.558 26.454 28.977
(1] B[] 2.00 min 35.804 0.558 34,543 37.065

4.00 min 28.022 0.558 26.760 29.283
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SUREMR A, Ui BIIES Y O AR w ™5, JEVFE B Wi R SR TE R TURDEIZE , /K Ty B ol 5 2k
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wPKE o R PR IE AR B AL BT TS K 9 200

HOK I BT KR, ARWTSE R E iz AT T = 175}

L 4 W P 5 R S AT )R 16 d(384 b, :7;150-

AE I3 7 5 T DAY - AR P 3 S ik T 0y 2 R N

AF - Y4 3 Bk 43.08 L-(mh) ™! LA b g E A B 37&%%
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WL 3 75 K 5tk K A B 5 7 s} 200700000504,
RIS T ROEIE 1T 16 d, BelTiE AT Ik % 75 150 225 300 375 450 525 600 675 750
A2 LI FT g e 1Y de s AT AL, ] AR IR sEfF i/

M i 88 58 R 48 7 K AR E I 5 TR] A el T 5 ) i i B5 SEETIRTKEETREESWK
wAAB AT LA, W AR T Fig. 5 Variation of membrane flux during a long-term
T, TS YR AR SR ] R A operation period under the optimal operating condition
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B RGEXF MU AR COD. UV, A . SBEET5 Y L BRAaE & 6 FTs o

& 6(a) A&l 6(b) AT LAFE i, BTG K 9 K 2 M b B i 9 s, oK ph B | (B B 3%
R, iRk BE PR RRTE 0.5 NTU LR, P RBRFE N 93.50%; /KA BERFRTE 0.022 BELLT, F3
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YIEHN 39.19%, F %G COD 4 22~52mg-L™', “FIMEH K 28.74 mg' L' RGMAKMME . €8 & COD
T R Ol T Y5 K PR R e 2 F K K B ) (GB/T 18920-2002) A B3R

& 6(d) AT AR Y, P-4 B B B 1T BT 7K Gt 7K v UV s, 2R AE 10 55 75 15 RN A8 L 25 L)
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0.1 em™ o A ST H P A B B8 B T BTG 7K 90 K UV, $8 A5 S BR AL, FE B AR
K R 28 A A AL S B T BT K G K, JROK UV, T 3R AE 18 55 7 5 RS BE T 25 A3 AL & i3
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Table 4 Each filtration resistance and its proportion to the total resistance

FEGKEC R/10"m ™) RiSL/% R/10"m™) R AFI/% R/10"m™) RiNH/% R/10VMm™) R/AGW/% RA10'm™) R, M/%

1 38.03 100 5.55 14.6 3.28 8.6 3.53 9.3 25.67 67.5
2 39.66 100 5.51 13.9 3.45 8.7 4.44 11.2 26.26 66.2
3 38.83 100 5.51 14.2 3.69 9.5 5.13 13.2 24.50 63.1
HfE 38.84 100 5.52 14.2 3.47 8.9 437 11.2 25.48 65.6
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Abstract Achieving effective control of membrane fouling was the keyto giving full play to the applicability
of ceramic membrane in the field of wastewater treatment and reuse. In-this study, a flat sheet ceramic
membrane reactor was constructed, and the operational optimization control and membrane fouling mechanism
analysis of flat sheet ceramic membrane treating secondary effluent from municipal sewage treatment plant were
carried out. Through a four-factor three-level orthogonal test, the optimal operating control condition of flat
sheet ceramic membrane treating secondary effluent was determined as follows: peristaltic pump speed was 200
r-min"' corresponding to the initial membrane flux of 200 L-(m*-h)”', filtration time was 10 minutes, hydraulic
backwashing time was 30 seconds, and intermittent-running time was 2 minutes. Under this optimal operating
condition, the flux of flat sheet ceramic membrane could maintain stable running for 16 d (384 h) over the
average membrane flux of 43.08 L-(m*-h)"'. During this period, turbidity, chroma, COD and other water quality
indicators of the effluent could stably meet the standard requirements of The Reuse of Urban Recycling Water
— Water Quality Standard for Urban Miscellaneous Water Consumption (GB/T 18920-2002). The comparative
characterization results of elements and functional groups of the raw water and the membrane fouling layer
showed that aliphatics, amides, inorganic silicides and inorganic metal ions were the main pollutants that caused
membrane fouling. And the resistance of the gel layer played the leading role in the fouling formation of flat
sheet ceramic membrane.

Keywords flat sheet ceramic membrane; secondary effluent from municipal sewage; orthogonal experiment;

operational optimization; membrane fouling mechanism
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