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Separation characteristics of organic solutes on low pressure reverse osmosis membrane

& R R WA SRR R U EE
Shijun GHIM*, Hiroaki OZAKI*, Yutaka TERASHIMA*, Masahiro OGINO*

Abstract : Low pressure reverse osmosis (LPRO) is considered as a possible tertiary treatment
process providing good water quality, high permeation of water and high rejection of solutes. It is
very important separation process of not only inorganic substances as calcium and chloride but
also organic substances as recalcitrant substances including aromatic compounds. The

development of new-gencration LPRO as thin film composite membranes has provided the
possibility to separate substances selectively under lower operating pressures than those obtained
with the traditional ones. However, little information is obtained on the operation ofthe LPRO
in separating organic and inorganic solutes under very low prerssure.

In this research, the LPRO experiments were made with solutions of organic substances in
diferent pH levels. The experimental results showed that the solute separation in LPRO depends
on molecular weight, pH and pKa in many cases.

Keywords : LPRO, aromatic compounds, molecular weight, pKa, pH
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Table 1 Official rejection of solutes by LPRO Table 2 Molecular weights of ethylene glycols
com ponent rejection (%) com ponent m.w.
NaCl(58) 90 ethylene glycol 62
MgCl, (94 90 triethylene glycol 150
Ethyl alkcohol (46) 25 PEG # 1000 950 - 1050
Glucose (180) 90 PEG # 2000 1850 - 2150
PEG # 4000 2700 - 3500
PEG # 6000 7300 - 9000
P EG # 20000 15000 - 25000
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1: Pressure controller
2: Flow controller

3: Electroconductivity meter
4: pH meter

5: Permeate Influent
6: Reverse osmosis membrane

Figure 1 Schematic diagram of LPRO unit
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Table 3 Characteristics of aromatic compounds

component formula m.w. pKa
4 - chlorophenol C¢H,0OCI 128 94
2,3 - dichlorophenol CgH,OCl, 163 77
2,4 - dichlorophenol CgH,0Cl, 163 79
2,6 - dichiorophenol C¢H,0Cl, 163 6.8
2,4,5 - trichlorophenol CH4OCI3Na 219 67
pentachlorophenol CcOCIsNa 288 47
o0 - nitrophenol CgHs04N 107 72
p - nitrophenol CgHyO3NNa 129 71
2,4 - dinitrophenol CgH,ON, 183 41
anirin CgH,N 93 47
2,4-D CgHyCl, 04 221 38
MCPA CoHgClO 200 31
Metolachtor CH,,CINO, 284 -
DNOC C-HsN,O5Na 220 33
245-T CgH;Cl305 225 -
Propanil CgHyCI,NO 218 -
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Figure 2 Chemical structures of aromatic compounds
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Figure 3 Separation of ethylene glycols by LPRO Figure 4 Separation of chlorophenols by LPRO
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Figure 5 Separation of nitorphenols and anirin by LPRO Figure 6 Separation of pesticides by LPRO
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Figure 7 Effect of molecular weight on solute separation Figure 8 Effect of pKa on solute separation
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Table 4 Charge balance of LPRO

100

KCl
of (+) ion (Jion (+) ion/(-)ion
butk 190 2.01 0.95
& oo} (meq/L)
§ permeate 035 051 0.69
ﬁ‘ 40 S : 4 - chbropheno! (meq/L)

T:23-dihbrphad
U: 24 - dihkrapheaod
V:24,5- trihlorophend
W: patachioroplemi
X: o-nirphenol

Y:p -nmiropheml
Z:24-dnitrophenol

20

0 1 2 3 4 5 6
Numbers of functionanl groups

Figure 9 Effect of functional groups on solute separation (pH 9)
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