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Table 1. Diamines used in preparation of polyamide RO membranes

Diamine compound abbreviation

Aromatic o-phenylenediamine OPD
m-phenylenediamine MPD
p-phenylenediamine PPD
1,3,5-trimethyl-m-phenylenediamine 1,3,5-TMMPD
5-chloro-m-phenylenediamine 5-CMPD
N,N’-dimethyl-m-phenylenediamine N,N’-DMMPD
2,3,5,6-tetramethyl-p-phenylenediamine 2,3,5,6-TMPPD
m-xylylenediamine MXD
2,4-diaminoanisol 2,4-DAA

Cycloaliphatic 1,2-cyclohexanediamine 1,2-CHD
1,4- cyclohexanediamine 1,4-CHD
1,3-bis(aminomethyl)cyclohexane 1,3-bisAMCH

Heterocyclic piperazine PIP

Aliphatic ethylenediamine ED
N-phnenylethylenediamine N-PED
N,N’-diphenylethylenediamine N,N’-DPED
(%£)-1,2-diphenylethylenediamine 1,2-DPED
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Table 2. Membrane performance of NF membrane

Rejection percent [%]
Solute Molecular
weight Membrane Commercial
obtained in this polyamide
work membrane
NaCl 58 95 99.6
Na,SO, 142 99.5 99.9
MgCl, 94 93 99.5
MgSO, 120 99.2 99.6
NH,NO; 80 85 98
Ethyl alcohol 46 20 44
Isopropyl alcohol 60 50 94
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Fig. 10. Effect of immersion time in chlorine solution on NaCl rejection and membrane flux in the cases of various

temperatures. : 8°C, O:20°C, A:30°C, O:40°C. Condition; 200 ppm NaOCl + 500 ppm CaCl, with pH 7.0.

Outlet pressure
gauge Concentrate
Inlet pressure Flow meter
— NaOCl _8&auge
- l Permeate
—
Feed NF Membrane
Outlet pressure Concentrate
Tap Water £9UEC
Inlet pressure Flow meter
Pressurepump | NaOCl 83ug°
l Permeate
—>
Feed

Commercial Membrane

Fig. 11. Schematic diagram of water treatment apparatus for field test
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Table 3. Vacancy size, fractional free volume, and NaCl rejection in polyamides

Diamine Vps [nm’] FFVup [-] NaCl Rejection[%]
MPD 0.062 0.119 99.5
N-MMPD 0.071 0.134 98.5
N,N-DMMPD 0.081 0.142 95.3

Vps: Average vacancy volume size by PALS. FFVyp: Fractional free volume simulated by

MD calculations.

Fig. 18. Molecular dynamics simulation results of three kinds of polyamides M0, M1, and M3 refer to MPD, N-MMPD, and

NN'-DMMPD, respectively
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Summary

Chlorine resistance is an important factor for desalination process using RO membrane. In this study, novel
diamines with high chlorine resistance was investigated, and fundamental study for free volume in the membrane
in terms of the resistance using molecular dynamic simulation and positron annihilation lifetime spectroscopy.

The retention ratio of molecular weight and the polymer weight loss after the immersion in chlorine solution
were used as the evaluation for chlorine resistance of polyamide membrane. The influence of the diamine
chemical structures on the chlorine resistance was discussed. Aromatic diamines with electrophilic groups had
smaller electron density than aliphatic diamines with nucleophilic groups. This tendency resulted in the easier
decomposition of polyamide from aromatic diamines during the immersion in chlorine solution. ~After screening
17 diamines, N,N’-dimethyl-m-phenylenediamine (N,N’-DMMPD) was selected in the preparation of the reverse
osmosis polyamide membrane. The membrane prepared from N,N’-DMMPD and 1,3,5-benzenetricarbonyl
trichloride (TMC) showed much higher chlorine resistance than commercial polyamide and cellulose acetate RO
membranes. The heat treatment temperature and time remarkably influenced salt rejection and flux.

Among 17 diamines screened in the previous section, N-PED was adopted as a NF membrane resource with
suitable rejection and high chlorine resistance. This membrane had rejections of more than 95% for NaCl and
Na,SO, and low rejection for neutral molecule such as isopropanol. The prepared NF membrane showed high
stability during chlorine treatment at 8°C. The rejection decreased during chlorine treatment at higher
temperatures and longer immersion time. This is because the reactivity increased with an increase in the
immersion temperature.

The free volumes in polyamide membranes were investigated using molecular dynamic simulation and
positron annihilation lifetime spectroscopy. As a result, it was revealed that the size and fraction of free volume
in the membrane increased with an increase in the amount of methyl group on diamines. By these fundamental
structural analyses for polyamide layer, development of polyamide membrane with much higher chlorine

resistance is expected.
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