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Reverse Osmosis Membrane Fouling by Humic Acid Using XDLVO Approach:

Effect of Calcium Ions
YAO Shu-di', GAO Xin-yu', GUO Ben-hua®, BAO Nan', XIE Hui-jun’, LIANG Shuang'

(1. School of Environmental Science and Engineering, Shandong University, Ji'nan 250100, China; 2. Qingdao Municipal Insitute of
Tourism Planning and Architectural Design, Qingdao 266071 ,China; 3. Research Institute of Environment,Shandong University, Ji'nan
250100, China)

Abstract; Interfacial interactions involved in reverse osmosis ( RO) membrane fouling by humic acid were quantitatively evaluated
using the XDLVO (extended Derjaguin-Landau-Verwey-Overbeek ) approach. The role of each individual interfacial interaction during

** under different solution pHs. The results

membrane fouling was elucidated with special emphasis devoted into the influence of Ca
showed that, regardless of the presence of Ca®*, van der Waals interaction favoring fouling contributed the most to the interfacial
interactions at pH 3, whereas the polar interaction inhibiting fouling played a dominant role at pH 7 and pH 10. Electrostatic double
layer interaction appeared to be the weakest in all cases, thus contributing the least to membrane fouling. It was the changing of polar
interaction that gave rise to the influence of Ca’* on membrane fouling, which turned out to be more significant at lower pH. Ca’*
would accelerate humic acid RO membrane fouling at most cases. Correlation analysis between interfacial free energy and fouling extent
revealed that XDLVO approach could reasonably predict humic acid RO membrane fouling behaviors under different solution conditions.
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Table 1 ~ Surface energy data of the three probe
liquids at 20°C/mJ-m -2

MiERwl ,yLW y* v ,yTOT
4lizk 21.8 25.5 25.5 72.8
i 34.0 3.9 57.4 64.0
R 50. 8 0.0 0.0 50. 8
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Fig. 1 Schematic of the reverse osmosis system
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AV
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XoF A e K Y 4 ik o S A IR AR P I R ) AR
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/NIESE I (pH 3 B RO BERARIEERAM) . X — 5]
AR R - Ca® " XHR R B BE T2 408 1) 2% Al iE
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Ca® " XTI AR RO B5EV5 YL AT M I B2 Ml , i UL 5% 3] 41
I Ca®* iR MhRE RO FI S i e iR ( 2 i A KR
Pk B BE AT 1) 2200 2 0 T ) 44l 7K 2 fih A 00 2 088 K 1Y
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B AE R R ™ R T Ca’ SR E gl
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A 1E HL AT AN B T RE , SO RO 53 1 1 H iy 28 i 194
I, Zeta FLALZ8 X5 {HHE K (AN 0.53 mV HE R % 6. 60
mV). 5 —J7 i, Ca® " IR 23 fiff RO 3% i AR 75
It R R 7 & S o 455, RO JREAE pH 3
Af SRS Ra 4 6. 51, KF pH 7 K pH 10 A}
(F- B HIRE E , Ra 20900 4. 05 K 4. 66) i Ca®* I
A X 58 T RELRE 32 sl NVE FHAE pHL 3 BT EE Sl i 3,
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Table 2 Contact angles and Zeta potentials of the humic acid and RO membrane

/(%) 0,/(%) £/mvV

48.16 (=1.09)
55.46 ( £1.07)
57.14 ( £1.03)

45.35 ( £1.19)
36.95 ( £2.04)
39.67 ( £1.47)

5.67 ((£2.86)
-50.46 ( £2.17)
~47.61 ( +2.88)

50.52 (+1.85)
49.04 ( =1.34)
59.04 (£1.11)

49.52 ( £1.47)
38.82 ( £2.24)
47.13 ( £2.17)

5.28 ( +2.08)
~18.74 ( £0.77)
-19.17 ( £1.21)

36.04 ( £1.25)
26.40 ( +1.50)
36.13 ( =0.80)

46.33 ( £2.57)
29.64 ( £2.62)
33.20 ( £1.11)

0.53 ( =0.98)
—11.46 ( £0.48)
~18.10 ( £0.51)

i H pH 0n/(°)
38.79 ( £1.53)"
JEFEBR ¢(Ca®* ) =0 mmol-L ! 7 43.36 ( £1.60)
10 46.73 ( +1.60)
44.63 (£1.79)
JEFEIR ¢(Ca®* ) =2 mmol-L ™" 7 41.95 ( £1.26)
10 57.12 ( £1.82)
36.36 ((£1.19)
RO Jii ¢(Ca?* ) =0 mmol -L~! 7 32.25 ( +1.40)
10 35.83 ( £2.01)
32.99 ( £2.23)
RO Jii ¢(Ca®* ) =2 mmol -L ! 7 37.03 ( £1.50)
10 34.90 ( £1.56)

22.11 (+1.17)
23.52 (+1.02)
22.00 ( £0.92)

38.66 ( £2.47)
31.58 (£1.79)
34.62 ( £2.03)

6.60 ( =0.14)
~11.15 ( +0.58)
-10.79 ( £0.50)

1)6y .0, F1 6 43 513R I 8 e Sk A0 H- i As i e 5 3R LB 4= 1 5 WS BT IBCT- B8, Bas 208 P ( = brifE22)
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LA AR .
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TR G T3 3 . S Ca®* KX FE AR & RO
JREFE T ) U A AR gk Ty ™ (T ) B 2 T A A B
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KO AN, BEBIAMIN Ca®* i RO I 5 7 7t 2 365 1
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Tk Sy KT RRmK S ¢ SR, —
MMy~ 5y T W L, ) " B RN, AR
AN Ca®* TEVF 2 G B0 F 2l y - W/ (HAH L Z R
y VBN IRBE R, Iy ~/y  Z He R, S8y
N, BEAN  TERT AR IR AT,y - EEUE L
y R AL L U] RO RS i 4 2 35 T HA,
TR, Z AR IT A IR R I, R A&kt
R ELAT oy~ B — P 0 R T FR R AR X
TR AR, H AR R 1R R e Wy ¥ 3L A5 SR K e
REMIMAS y BUEE R BTy AR E S T Y

®3 FARAFHEFRETHEHEBR RO BEREKAST/m)-m >

Table 3 Surface tension parameters of humic acid and RO membrane

at different calcium ions concentrations/mJ+m ~2

- [CazJr ] , -
WiH H LW - + AB TOT
/mmol -1, ! P 4 Y 4 Y 4

35.29 27.06 2.49 16.43 51.72
0 7 31.18 42.31 1.69 16.93 48.11
10 30.22 41.90 1.44 15.54 45.76

W 33.98 25.79 2.01 14.41 48.40
2 7 34.81 37.79 1.49 15.02 49.83

10 29.13 41.44 0.47 8.82 37.95

41.54 23.21 1.98 13.57 55.12

0 7 45.64 39.23 0.93 12.07 57.71

RO 10  41.5 38.60 1.15 13.30 54.80

47.13 29.37 1.15 11.60 58.73
2 7 46.67 40.32 0.47 8.67 55.34
10 47.17 35.23 0.73 10.15 57.32

(2 ~34%), Hxtagkmak fr v (v 5y 2Z )
TR, RLE Ca®* Xt " A2 i 5 e ™Y [R5
M 2], TG A G R

2.3 Gt A o RERS T

A% XDLVO B, ol fy S5 R 5 RO BREAY R 1A
KT 3) LA I Zeta HEAIE (WL 2) 5T
RO FE-JE FA R 2 18] 1) 26 B FI F e S S 7 2 -5 7 1
Z AR SR A fE. sk 4 FoR, LW B At BETE
FIT A 0 R YR A, R LW VR S 42 ik s
Yy, 1M AB EL S 1H H HBETE R Z U O T 20 1E
B, A B PG Y. 78 Ca® WRE R 0
mmol L™ \pH 3 W 5&F T, l FREFEIR & RO I
HL PR R TR 7 y - BB, i E mK MR,
15 AB St H BE M SAUH. 350, MAR 1T B 5 R
5 RO BERFIHFIEH (2 2) , 2 BB TS (AGY,
HAUE) X AT BE RS T RO 55 i 78 R 3% 1T HL A 25
FEFZB K (2 10 4%) g, Brant R R RN
R T[] e A T ) 1) PR T | I G2 PR 3 AR
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