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1) SZUS K . AT AE T L4 5 LR 4% Table 1 Characteristics of the raw. water from the secondary
Sh R 7 R R DAY ol S 95

PR R IR R | AT A e, T WENTY e BRCU. cODimel)

AFR S K, KRV, SRR (. K4S WHE  108~1969  6.94~8.22  323~1980 214~650
L1, FHIE 1778 7.45 981.3 412.4

2) IR BEF ML M o MR R U k521,

T2 BEERESH
PLTH B K AR PACI IR EEF . H ALO, & &

Table 2 Parameters of ultrafiltration membranes

N 30%, ThELRE N 489%. LU Fir H PACL &=

. . e T S Ly WS TFE/Da B
WBE R 100 gL' S5 230 SR ] 2607 SR A W) AR .
b e e s e X PVDF RimmH 30 000 62
77 1Y) PES 8 118 JBE A 22 FE 15 W) A 7 1) PVDF
PES TRIE 8 000 92

JENE, MREAHC S BRI 2.

1.2 LWRERFE

K A WA 0 A T e B U L AR B A B e (B 1), AL ER 2 AR SH 400 mm Y
[ 3 20 1, 2 A [ 48 ph 0 [, KPR B A YT E TS, T A0 S AR E
§mm; FIR# N F Lt , a2k 350 mm, [ AP0 kL, WK 1) i, B iE
P 2 T 2 MR Az, ARE R 0.091 m?,

SR K T2 AR A 1) B s o JELK FI PACT I 3 1) 28 185 00 22 RN 5 vl R K B Foim 25
ML BWA RS, WK L m’h™, BEREE A 4 mes™ o AR T 0 i A,
PACI N BT f Wk B 2 2 g L7 /K B R0 245 B 280 150 A 1 e S8 RNV ) R e, mT AR 7 1 10
Ao . IRAJEMRNRE IR & A 1R AR, IR & A TR i R sl . 18
W N B A oK T HEA K HEE, WK EE B g th i K8 10 min & 1k, FEditEHLA
Bhid sk, ARAE B 10 min B 1 B4 = R A RO I AU ROKGE B L oK 2 BRI D HE R IR
[ K E, PR AFE . K O3 136 1 Ffi 2, 2 AN 2 Y598 R 55 IR 22 (transmembrane
pressure, TMP), SZHG i 2 A TMP R F5fH 2 . SEER ok B p e B SR R AE i, T & B . COD il i
S LBy BRI SEs 4T . AIEK L 8:2 (54T 8 min, [H] BK 2 min) AIA] BK I 6:4 (i54T 6 min, [A]EK
4min) 38 iz ty, A EAa T 7 0 Bt uE PR RE (Y5200 o AB AT S5 S 43 IR FH IE ) gk L 1E
(&) 25 gk (R 7 X5 e 1 B U I E AT s Ve, AE R ARIE R T B e acR . Hrp, EmiE vk
i, BRI A 4.0 ms™, TMP 4 0.05 MPa; IE J [ A sh Pk i, AR 1 i 8 il 76 5.0 m-s™!, 1E
] £ /7 0.1 MPa, JZ ¥k 414 0.1 ~ 0.15 MPa, i 2ERHE] 24 30 min.

1.3 S5 E

1) K431 J5 ik . COD R COD PR A (5B-2A, bt i AeRb) M 5 b BE M €8 )32 58 aot

& 2l B2 Y (2100AN, Turbidimeter, 3€ [§l HACH) U % ; pH >k HI #§ % pH it (Orion5 star, 3 [
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Fig. 1 Experimental setup of a hybrid coagulation and membrane separation process''®!
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Fig. 2 Effect of operation mode on membrane flux and membrane fouling resistance
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Table 3 Different ultrafiltration membrane operating conditions

SR PSRRI/ MPa  SUKERY/L-(m>hy ' BB /m 2 R SN
PVDF 0.025 177.39+13.96 (2.64+0.21)x10" N N o
2 gL PACI 2178 min, {5K2 min, BFTIARIATEVE
PES 0.1 103.89 +7.96 (1.80+0.14)x10"
Hi [ 4 7T LA i, PVDF i 7Kl A2 Ak o
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SN e . . v e ) ° PVDF
d R, AR RO TR . R 0%

48 h J5 , PVDF J& i &t 2 % #£ 50 L-(m**h)™" /2
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A7, J& PES JH# B9 2.5 f% . X & i T PVDF Zg-"‘?\w
BEROK PR, #CH T ER, ik, Had ik

: Zg:\\‘lw
BEL o0, 3 i 2, o

J&it f/(L+ (m? - hy”!

T T T T T T S T
@SEEXmiﬂj‘fiﬂy{Tzﬁﬁdﬁﬂﬁf{ﬂ\fiﬂﬁ 0 5 10 15 20 25 30 35 40 45 50
— BT[] /h
Sk LUK BB S M R . T, K |
VB 1) PVDF JBUEAT B 6015 e 3k e RBRMETHERRLL

Fig. 4 Variation of membrane flux with running time
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Fig. 5 Effects of ultrafiltration membrane types on membrane fouling
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Fig. 7 Effect of cleaning method on membrane flux and membrane fouling resistance
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Fig. 8 SEM images of polluted and cleaned membrane with different methods
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Fig. 10 Water quality of long-term operation
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Abstract A pilot study on advanced treatment of the deinking wastewater from the secondary sedimentation
tank in a paper mill was conducted using a hybrid process of enhanced coagulation at a high dosage of
polyaluminum chloride (PACI) and flat-plate ultrafiltration in turn-around cross-flow mode. The applicability of
the process was evaluated from some aspects including the operation mode, the membrane type, the cleaning
mode, and the stability of long-term operation. The experimental results showed that an intermittent operation
could effectively reduce the cake layer resistance (R.) and the concentration polarization resistance (R,), alleviate
membrane fouling, and improve water flux and effluent quality. The PVDF membrane with hydrophilicity and
higher molecular weight cut-off (30 kD) could alleviate membrane fouling and improve water yield and effluent
quality, and consequently be more suitable for treating the deinking wastewater than the PES membrane with a
MWCO of 8 kD. The simultaneous flushing along membrane surface and backwashing could effectively remove
the foulants on membrane surface or in membrane pore, and significantly reduced R, R,, and the pore blocking
resistance (R;). Furthermore, backwashing could avoid the damage to the active layer of membrane. The PVDF
membrane could continuously run for 50 h at the PACI dosage of 2 g-L™", with a flux of 80 L-m*-h™" or more
under-the TMP of 0.025 MPa. The average removal rates of COD, turbidity, and chroma could reach 79.1%,
99.9% and 99.4%, respectively, which can meet the requirements of The reuse of urban recycling water — Water
quality standard for industrial use (GB/T 19923-2005). Moreover, the flux recovery rate could reach over 95%
after cleaning. All these indicate the hybrid process is feasible for advanced treatment of the deinking
wastewater.

Keywords deinking wastewater; enhanced coagulation/flocculation; cross-flow; ultrafiltration; membrane

separation
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