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Operation and Optimization of Ultrafiltration/Nanofiltration Hybrid Membrane
Process
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Abstract: Through advanced treatment of Qiantang River by UF/NF hybrid membrane process,
the effects of operation parameters on effluent quality and the physical and/or chemical cleaning perform-
ance were discussed. The experimental results showed that the increase of flux, the extension of operation
cycle, and the increase of concentrated water discharge cycle all could improve the effluent quality to
some extent, but membrane fouling was aggravated at the same time. With the increase of operation pres-
sure and cross-flow velocity, the membrane flux and effluent quality increased. Membrane fouling was ag-
gravated with the increase of operation pressure and decreased with the increase of cross-flow velocity. As
recovery rate increased, the effluent quality was deteriorated and membrane fouling was accelerated. With
the extension of running time, the effect of physical cleaning on the recovery of membrane flux decreased,
timely chemical cleaning could recover the membrane flux effectively and prolong the working life of the

membrane.
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Fig. 1 Flow chart of UF/NF process
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nanofiltration;  operation parameter;
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Tab. 1 Influence of membrane flux on pollutants removal by
UF membrane
o H K ook
1* 2.10£0. 14 1.86 +£0.13
CoD,,,/ p
. 2 1.97 £0. 16 1.74 £0. 11
(mg-L7)
3 2.05+0.15 | 1.8120.12
1* 0.085 +£0.008 | 0.060 +0.002
UV,s,/cm ™ 2* 0.083 £0.009 | 0.058 +0.002
3* 0.084 +£0.007 | 0.059 +0.003
¥ 0.090 £0.030 | 0.048 +0.002
hEE/NTU 2* 0.080 +£0.027 | 0.043 +0.003
3" 0.088 £0.029 | 0.047 £0.002
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Fig.2 Influence of membrane flux on TMP and specific flux
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Tab.2 Influence of operation cycle on pollutants removal by
UF membrane
e HEK K
1 2.14 £0.16 1.89 £0.11
COoD,,/ p
. 2 1.99 £0.18 1.75+0.13
(mg - L)
3" 2.02 £0.18 1.77 £0. 15
1 0.082 £0.004 | 0.057 +£0.002
UV,s,/ p
o 2 0.083 £0.003 | 0.057 +0.002
cm
3" 0.086 £0.003 | 0.059 +0.003
# 0.092 +£0.033 | 0.049 +0.005
E/NTU 2" 0.089 +£0.030 | 0.047 +0.004
3" 0.088 £0.035 | 0.046 +0.005
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Fig.3 Influence of operation cycle on TMP and specific
flux of UF membrane
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Tab.3 Influence of concentrated water discharge cycle on
pollutants removal by UF membrane
w H Bk Hik
1* 2.02+0.15 1.78 £0.13
COoD,,/ p
. 2 1.94 £0.18 1.69 £0.11
(mg - L77)
3" 2.03+0.16 | 1.76 +0.12
1* 0.085 +£0.004 | 0.058 +0.002
UV,s,/cm ™ 2" 0.087 £0.005 | 0.060 +0.003
3" 0.089 £0.006 | 0.060 0. 004
1 0.092 £0.035 | 0.049 +0.004
MEE/NTU 2" 0.091 £0.037 | 0.048 +0.003
3* 0.089 £0.034 | 0.047 +0.004
e 1727 3ROSR 1.2.3 d.

MHERE A 1.2.3 d B, B R 22 43 51 N
(16.4 ~17.3) .(16.5~19.1) . (16.4 ~19.6) kPa;
Feim s (2.02 ~2.13) ((1.83 ~2.12) (1.74
~2.12) L/(m® « b« kPa) o AJ 0L, e /K HE R 39
1, B I 22 B PR bR, LE T R RO, et
EEIE MM AT ) B 2, 7R R g JE
2 T5 AN ) SRR R R i, i SRR L
FEo TRENL P — MBS & ISR MU TG e R 4
PR TR UK HE A 39, il 5 2 d i HETOA
WANEARA B T FORMER R KT 1517 .
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R RBRBIEAT G, B 95. 7% 43 5|3 28 96. 3% F
97.9% o iafT IR, B o3 125 2 B S, i 7Kl 1
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(HEAE R IS B 5, 5 0 S SR R R 2544 , FEAT e

MizfT I8 0.3.0.5.0.7 MPa i}, [ 5 )
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L/(m* « h), HoiE &5 %)k (0. 063 ~ 0. 065) .

(0.073 ~0.076) . (0.075 ~0.078) L/(m* - h -
kPa) . W] UL, He oy K, JES30 ok 0 LL 3 o 7 T R
FEARNT R, it PR 3 B R T Y 2T G A iR
15 4L SARTE BRI E OBV )2, /Ny F B ALY
AL, 3 OB FLAR I8N AR T B 50t g
JE 7, B0 5538 e R0 LU AT R
2.2.2 G E R

TEAR B AT e ) 7 — o 3 F P 42 e A
EE AT DAZRf TS e R m il o bl TN Y
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THURIEAT VU RS S AR PR, e TR K . A
YRS AR I 2 PR UG 34 104 B D D %
B Yy PEm R AR E BT ], TR IR
R B 2 H L S AT , P R NI K KT, 36 238 2o oh
PP B B e A B I . R GE N4
SRR e LA Tk D A 4 T A i T e i)
BB, #4RIBITHII N 0.5 MPa B i i 38 B Xof
PHUERE LBRALRE R SE M . MM EAE 0.1 ~0.3
m/s ZBAL IS, CODy, il UV, Z2ERFEEAAAS , 73 5i1]
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Tab.4  Influence of cross-flow velocity on pollutants removal
by NF membrane
E| K K
#
COD,,./ 1# 1.88 +0. 14 0.83 +0.16
(mg- L") 2 1.85+0.13 0.82+0.15
" 3* 1.87£0.15 | 0.830.16
1 0.067 £0.003 | 0.004 +0.001
UV,s,/cm ™ 2" 0.068 +0.004 | 0.004 +0.001
3" 0.066 +0.003 | 0.004 +0.001
1 212.5+1.6 8.3+1.4
EETDF${| 2* 213.3x1.2 8.1+1.1
(pS-cem™) 4
3 214.2 £1.4 7.5+1.2
T 172" 3R A A E K 0.1.0.2.0.3 m/s,

Wb g R 10 d, YRR E S 0.1.0.2
0.3 m/s i, 5 &40 31k (37.2 ~37.4) (37.5 ~
37.7) (37.8 ~38.0) L/(m* - h); bl &4 5K
(0.074 ~0.075).0.075 #1 0. 076 L/(m* - h -
kPa) o AJ DL, , it 3 O B 5300 St A 0 20K, H R 3
P P IE T B R A X RS . LR A IR K
FREETG YU R PP P A A TR 0. 24 m/s
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Tab.5 Influence of recovery rate on pollutants removal by NF

membrane
Wi H sk K
COD,./ 1* 2.10+£0.16 | 0.86+0.11
o 2 2.08+0.17 | 0.89 +0.12
(mg = L) 75 2.05+0.15 | 0.96+0.10
1" 0.077 +0.004 | 0.007 =0.001
UV,,,/cm ™ 2" 0.079 +0.006 | 0.008 +0.001
3* 0.078 +0.005 | 0.010 +0.001
1* 222.5+1.6 9.6+1.6
(:SBTE‘FC?{]) 2" 219.3+1.2 10.7 £1.4
3" 219.7 +1.2 12.1+1.2
e 172" 3T RIRE MR 25% 35% 45% .

XoF 4 308 7 7K 3 R R B Y A BT R, 2 R
R 25% 35% (45% B, B 3E i 43 ) R (37.3 ~
37.8) .(35.8 ~37.8) .(34.2~37.8) L/(m®> - h),
FE3E 4354 (0. 075 ~0.076) . (0.072 ~0.076) .
(0.068 ~0.076) L/(m® « h - kPa) . [ali % N
25% It , ;K PR 0.5 L/ (m? - h) , Wl RN [F
0.001 L/(m® « h - kPa) ; 4 B R N 45% i, 727K
WA R 3.6 L/(m” - h), Hil & R F& 0. 008 L/
(m” « h - kPa) . BJ DL, 153K S A L E
R R, G R R, LR, R
IR R 25% B EIICRIZFT
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Fig.4 Variation of TMP and specific flux of UF

H1 & 4 T AT, 5 IR TR 25 7RIS TR AR TR AR
730 d I MAT LAY 16.0 kPa 12 21. 0 kPa, B T
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32.4% I ERIE N 0. 08 kPa, Mizdy 46 21
IS, B R 22 3G 0 T 73. 8% , - 34 4 R I
0.1 kPaj i & bt 3 £ MR ER A9 2. 19 L/(m® - h -
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