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Table 1 Mine water quality analysis report
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AR/ (mg « LY 0. 28
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Fig. 1 Dead-end filtration experimental device
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Table 2 Surface tension parameters of the tested liquids (mJ *m™ %)
EEES MMk 71 EmrERmk Sy Y i ARSRmETR ) v B2k RmK S v
EETIK 72.8 21.8 25.5 25.5
- 48.0 29.0 47.0 1.9
A e 50. 8 50. 8 0 0
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Fig. 2 Specific flux of mine water filtered by PES

ultrafiltration membrane
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Table 3 Contact angle and Zeta potential test

results of membranes

RS 0u/C) 0,/ 0/ Zeta Bifii/mV
PES g 71.9  52.6  34.9 —48.0
PESHUiG YL 48.5 36.8 23.6 —73.6
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Table 4 Surface tension parameters and cohesive free energy of the membranes (mJ] *m™ %)
B i Y Yon 1 A AGy,
PES JF i 42.07 0.18 2. 82 1.42 43. 49 —49.72
PES $i5 Jefii 46. 64 20. 28 1. 36 10.51 57.15 —19. 82

A5 FEMEIRG R A Zeta BALM K LR

Table 5 Contact angle and Zeta potential test results of pollutant solutions

EYYIE T iR/ (mg « LY 0w/ (9 0./ (9 0a/ () Zeta HL 3 /mV
HA — 34.2 39.7 53.2 —39.3
500 38.0 43.0 50.0 —26.7
HA-Na" 1 000 41. 2 45.0 46.0 —24.7
2 000 45.0 48. 8 42.5 —22.8
500 40. 8 44.9 48. 6 —25.1
HA-Mg** 1 000 43.2 46. 7 45. 6 —18.7
2 000 47.2 49. 6 42.0 —16.8
500 42.7 46. 3 47.6 —24.5
HA-Ca*" 1 000 45. 8 48.5 44.6 —19.8
2 000 48.9 51.2 41. 8 —12.9
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Table 6 Surface tension parameters and cohesive free energy of pollutant solutions

T Ipige7i3: 94 7Y /7: 7 /7’ 7{7/71 '}’TAB/; }”rr(”/il AG.«/;
(mg+ LD (mJ]*m?) (mJ°m?) (mJ°m?) (mJem?) (mJem?) (mJ] *m %)

HA — 32.47 1. 90 42. 54 17. 98 50. 45 19.5
500 34. 27 1.32 40. 01 14. 54 48. 81 17. 10
HA-Na" 1 000 36. 47 0. 94 36. 95 11.78 48. 25 13.03
2 000 38. 33 0. 49 34.59 8.23 46. 56 9. 84
500 35. 05 1. 10 37.71 12. 89 47.94 14. 33
HA-Mg*' 1 000 36. 69 0. 80 35. 61 10. 68 47. 37 11. 40
2 000 38.59 0. 48 32.12 7.87 46. 46 6. 00
500 35. 60 0.95 36. 19 11. 71 47. 31 12. 39
HA-Ca™" 1 000 37.22 0. 66 33.42 9. 38 46. 6 8. 29
2 000 38. 69 0. 39 31. 06 6.93 45,62 4,46
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Table 7 Interfacial free energy for minimum equilibrium distance between membrane and contaminant

B e e e o

(mg+ L) (m]*m?) (ml*m? (mJem?) (m] *m %)

PES JFjiE HA — —3.74 —9.25 0. 00 —12.99

HA-Na" 500 —4.31 —12.04 —0. 10 —16. 44

1 000 —4.98 —14. 96 —0.11 —20. 05

2 000 —95.93 —17.99 —0.13 —23.65

HA-Mg*' 500 —4.54 —14.02 —0.11 —18. 68

1 000 —5.05 —16. 23 —0.18 —21.45

2 000 —5.61 —19. 66 —0.21 —25.48

HA-Ca*' 500 —4.72 —15.42 —0.11 —20.25

1 000 —5.21 —18.13 —0.17 —23.50

2 000 —5. 64 —20.79 —0. 27 —26. 69
PES #1775 e fi5t HA — —4. 45 7.43 —0. 24 2.74
HA-Na" 500 —o. 12 5. 65 —0.47 0. 06

1 000 —5.92 3.93 —0.51 —2.90

2 000 —6.58 1.70 —0. 56 —5.43

HA-Mg*' 500 —5.41 4. 10 —0.51 —1.81

1 000 —6. 00 2.99 —0. 65 —4. 06

2 000 —6.67 0. 04 —0.70 —7.33

HA-Ca*' 500 —9.61 3. 05 —0.52 —3.08

1 000 —6.19 1. 05 —0.61 —5.77

2 000 —6.70 —0.77 —0.81 —8.28
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Fig. 3 Variation of interfacial interaction energy between PES membrane and contaminate with distance
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Fig. 4 Variation of interfacial interaction energy between PES anti-pollution membrane and contaminate with distance
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Coupled contamination of mine water on PES ultrafiltration
membranes analyzed by XDLVO theory

WEN Xin', HAI Yuyan', HE Can', MA Rui',
XIONG Rihua', L1U Shugin®

(1. National Institute of Clean-and-L.ow-Carbon Energy, Beijing 102200, China;
2. China University of Mining & Technology (Beijing) s Beijing 100083, China)

Abstract: Membrane fouling is the main problem that limits the development of membrane technology.
The coupled organic (humic acid)-inorganic salt contamination behavior of PES ultrafiltration membranes
in the treatment of mine water was investigated using the XDLVO (Extended-Derjaguin-Landau-Verway-
Overbeek) theory, it was found that inorganic salt ions could exacerbate the contamination behavior
between humic acid solutions and membranes, with increasing salt ionic concentrations, the attractive force
provided by van der Waals forces between contaminants gradually rising and the repulsive force provided by
polar and bilayer forces gradually decreasing, exacerbating membrane contamination; Among them, Ca’"
had the greatest effect of influence, Mg®" is the second, and Na' had the least effect. At the same time,
two different hydrophilic PES ultrafiltration membranes were selected to analyze the contamination
behavior from multiple perspectives by evaluating the interfacial interaction energy between the membranes
and mine water contaminants, it is found that the forces that change their interfacial interaction energy are
mainly polar forces, with van der Waals and double layer forces playing a very minor role, It indicates that
the polar force plays a decisive role in the membrane’s anti-pollution property, and the magnitude of the
polar force is related to the hydrophilic groups on the membrane surface, proving that the hydrophilicity of
the membrane surface affects the anti-pollution property of ultrafiltration membranes by influencing the
polar force and then the anti-pollution property of the membranes.

Key words: mine water; membrane fouling; humic acid; inorganic salt; XDLVO theory
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