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Abstract: In light of the significant challenges associated with nanofiltration for producing high-
quality direct drinking water, such as complex process parameters and membrane fouling, this study
introduced the microbubble scale inhibition method to optimize the technological parameters and carried
out a pilot test. The optimal operating conditions were as follows: the influent pH was 7.34, the influent
pressure was 0.50 MPa, and the recovery rate was 13.501%. The pilot test results indicated that the
nanofiltration achieved removal efficiencies exceeding 80% for conductivity and 50% for turbidity. The

removal efficiencies for TOC and UV, were in the ranges of 67% to 71% and 75% to 81%, respectively.
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Additionally, the rejection rate for bivalent ions surpassed 94%. Simultaneously, the scale inhibition

effect of microbubbles could decrease the cleaning frequency of nanofiliration membranes, thereby

preserving their integrity, extending their service life, and reducing the operational costs associated with

pipeline direct drinking water treatment.
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W, 38 AT AR G HE K Y R E Ol 276~283 mg/LL,
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mg/L, B JE N 14~17 mg/L, UV,,, K 0. 004~0. 007
cm™, TOC 4 0. 32~0. 39 mg/L, 43 & (1 25 4 ) <0. 01
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Fig.1 Flow chart of test device
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Tab.1 Factors and levels of response surface
analysis
K-
RS =l 0 1
A 6 7 8
B/MPa 0.40 0.45 0.50
Cl% 10 20 30
F2 MEHBEITHFRRER
Tab.2 Scheme and results of response surface analysis
45 | A | B/MPa | C/% Y/% | Y,/(L-m™h™")
1 6 0.40 20 93.21 26.01
2 8 0.40 20 93.61 26.17
3 6 0.50 20 96.17 27.31
4 8 0.50 20 96.94 27.63
5 6 0.45 10 97.33 25.94
6 8 0.45 10 97.96 26.23
7 6 0.45 30 94.46 26.14
8 8 0.45 30 94.98 26.27
9 7 0.40 10 96.73 25.99
10 7 0.50 10 97.82 27.44
11 7 0.40 30 94.11 25.73
12 7 0.50 30 95.83 27.28
13 7 0.45 20 97.17 26.47
14 7 0.45 20 96.83 26.73
15 7 0.45 20 97.31 26.52
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Y, =-42.645 + 13.9384 + 39.605B -

0.297C + 0.185AB - 0.003AC +
0.032BC - 1.0304* - 4.362B* + 0.001C*
(1)
Y, =41438 + 1.6414 - 11.310B + 0.123C +
0.0804B - 0.004AC + 0.005BC -

0.1294> + 1.343B> - 0.003C> (2)
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Tab.3 Variance analysis of regression model
. FrA HJy FIE P
i JIE 3 i JIE 3 i JIE 3 i L £
T 32.81 5.14 3.65 0.5713 9.97 28.52 0.010 4 0.000 9
A 0.672 8 0.101 2 0.672 8 0.101 2 1.84 5.05 0.2329 0.074 5
B 10.35 4.15 10.35 4.15 28.31 207.01 0.003 1 <0.000 1
C 13.68 0.004 1 13.68 0.004 1 37.41 0.202 2 0.001 7 0.671 8
AB 0.034 2 0.006 4 0.034 2 0.006 4 0.093 6 0.3195 0.772 0 0.596 3
AC 0.003 0 0.006 4 0.003 0 0.006 4 0.008 3 0.3195 0.9311 0.596 3
BC 0.099 2 0.002 5 0.099 2 0.002 5 0.271 4 0.124 8 0.624 6 0.738 3
A? 3.92 0.061 6 3.92 0.061 6 10.72 3.08 0.022 1 0.1399
B? 4.39 0416 4 4.39 0.416 4 12.01 20.79 0.0179 0.006 1
c? 0.044 3 0.3305 0.044 3 0.3305 0.1213 16.50 0.741 8 0.009 7
Hk2z 1.83 0.1002 0.365 6 0.020 0
AU 1.71 0.062 1 0.568 7 0.020 7 9.33 1.09 0.098 3 0.5119
gl 0.1219 0.038 1 0.060 9 0.019 0
B 34.64 5.24
TE: P<0.000 14 3 5 P<0.05 4 % 5 P>0.05 A B3 .
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Fig.3 Contour plots and response surfaces of influence of

various factors on membrane flux
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Fig.4 Change in specific membrane flux and TMP
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Fig.5 SEM images of nanofiltration membrane surface
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