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Removal characteristics of trace chemicals by nanofiltration membranes

gAY, B
Takuya SUZUKI*, Ken-ichi FUKUSHI*

ABSTRACT; Nanofiltration (NF) has been focused as advanced drinking water treatment process for removing trace
chemicals (e.g. pesticides, endocrine disrupting chemicals) and disinfection by-products precursors. The removal profiles
and mechanism, however, have been unknown yet, because NF shows different performance according to the
characteristics of chemicals as well as the materials of membranes. It is important to estimate the removal performance
for the optimum application to drinking water treatment systems.

The objective of this study is to estimate the applicability of NF membrane in terms of removing trace chemicals.
Experiments were carried out in a semi-batch filtration system. Four commercially membranes, with the same salt
rejection (approximately 50~60%), were used, and pesticides, phenol compounds and phthalic acid esters were employed
as target chemicals. Results showed that several types of frace chemicals were adsorbed onto membrane separate layer,
therefore the values of observed rejection were high at initial filtration stage. Depending on the adsorption features,
rejection was gradually decreased due to membrane adsorption sites coming to equilibrium. Tt was found that rejection of
several types of trace chemicals depended on the function of molecular width. Negative rejection values were also

observed in four membranes, depending on simple molecular structure on target chemicals.

KEYWORDS; nanofiltration, trace chemicals, advanced drinking water treatment, molecular size, adsorption/desorption
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Table.l Physical properties of target chemicals and removal performance

Molecular weight Molecular length Molecular width { UTC-20  UTC-60 NTR-7250 NTR-7450
(g/mol) (nm) (nm) Rejection (%)

Pesticides
IBP (Iprobenfos) 288.3 1.20 0.91 79.5 87.7 71.3 3.3
Thiobencarb 257.7 1.31 0.79 448 41.1 474 57.8
Fthalide 2719 0.74 0.67 14.7 15.8 -6.3 3.9
Isoprothiolane 2903 L1t 0.78 619 73.5 58.9 9.8
Flutoranil 3233 1.40 0.86 67.5 84.5 64.9 143
Mepronil 269.3 1.40 0.73 35.0 583 49.8 13.0
Mefenacet 298.3 1.60 0.54 32 40.9 5.8 0.2
Phenols
2,4-Dichiorophenol 163.0 0.69 0.62 -1.9 -6.8 -6.5 -3.9
4-tert -Butylphenol 150.2 0.81 0.49 16.0 21.3 20.8 10.4
4-5 -Pentylphenol 164.2 1.14 0.55 3.8 4.7 3.4 63.5
4-n -Hexylphenol 178.3 L.26 0.54 -1.3 -3.2 1.6 88.6
4-1ert -Octylphenol 206.3 1.01 0.64 41.4 53.1 413 220
4-n Heptylphenol 1923 138 0.56 (3o 1 122 229 99.3
Nonylphenol 220.2 1.64 0.54 {380 46.8 35.6 534
4-n -Octylphenol 206.3 152 0.52 332 ] 467 557 100.0
Pentachlorophenol 266.3 0.68 0.62 16.8 522 56.1 73.9
Bisphenol-A 228.3 0.99 0.62 15.1 20.8 29.5 59
Pthalate acid esters
Dimety! Phthalate (DMP) 1942 0.84 0.62 34.1 40.2 30.1 39
Diethyl Phthalate (DEP) 2222 0.98 0.66 56.2 62.9 514 4.9
Di-s-propyl Phthalate (DaProP) 2503 1.69 0.75 i832 66.3 57.5 [
Di-isobutyl Phthalate (DIBP) 278.4 1.40 0.92 58.5 87.6 73.8 372
Di-n ~butyl Phthalate (DBP) 278.3 1.21 0.74 68.6 755 63.6 731
Di-n -pentyl Phthalate (OnPenP) 306.4 1.33 0.84 81.8 82.5 77.4 92.7
Di-n -hexyl Phthalate (DnHexP) 3345 1.51 0.82 100.0 100.0 991 100.0
Benzvl » -Butyl Pthalate (BBP) 312.4 1.62 0.86 672 64.5 73.3 9.9
Dicychlorobexy Phthalate (DCHP) 330.4 1.09 1.09 94.4 95.7 86.2 74.4
Dioctyl Phthalate (DOP) 390.5 1.57 1.14 99.6 99.6 100.1 93.8

E:]: reference value
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Fig.2 Rejection and mass balance (Fthalide, at 0.35MPa)
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Fig.3 Relationship between rejection and molecular width of four commercially nanofiltration membranes
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Fig.4  Shift of removal mechanisms from adsorption to steric hindrance (UTC-60, Phenols, at 0.35MPa)
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Fig.6 Negative rejection profiles (2,4-DCP, at 0.35MPa)
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Fig.7 Adsorption-desorption profiles (2,4-DCP, at 0.35MPa)
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