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Fig. 1. The hydrolysis reaction of PAN with alkaline solution
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Fig. 2. Representative SEM images of (a) original PAN membrane, (b) hydrolyzed PAN membrane using 2 mol/L NaOH

aqueous solution, and (c) hydrolyzed PAN membrane using 2 mol/L NaOH aqueous solution with the 0.3 MPa pressure

from the backside of the membrane
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Fig. 3. Influence of applied pressure from the backside of
PAN membrane during hydrolysis on the water permeability.
Hydrolysis conditions: NaOH concentration 2 mol/L,
reaction temperature 45 degree in Celsius, reaction time 1

hour
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Fig. 4. Influence of applied pressure from backside of PAN
membrane during hydrolysis reaction on the formation of
R-COOH. Hydrolysis conditions: NaOH concentration 2
mol/L, reaction temperature 45 degree in Celsius, reaction

time 1 hour
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Fig. 5. Representative ATR-FTIR spectra of membrane
samples. Peaks attributable to polyamide: 1,610 cm?
(H-bonded C=0) and 1,541 cm™ (amide I, N-H bending)
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Fig. 6. Representative SEM surface images of (a) original
PAN membrane, (b) hydrolyzed PAN membrane using 2
mol/L NaOH aqueous solution with the 0.3 MPa pressure
from the backside of the membrane, and (c) RO membrane

with 20 mLbL deposition cycles
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Fig. 7. Experimental (symbols) and modeled (continuous lines) water flux and NaCl rejection of RO membranes prepared

with molecular layer-by-layer deposition technique and commercial RO membrane A

Table 1. Summary of water/NaCl transport parameters for RO membranes

Ap o B Ap/B
[m/day-MPa] [-] [m/day] [1/MPa]
5 layers 0.66 0.036 0.0093 71
10 layers 0.61 0.036 0.016 38
15 layers 0.34  0.0021 0.003 113
20 layers 0.29  0.0055 0.0027 107
Commercial RO A 0.62 0.023 0.0039 159
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Fig. 8. Data analysis to obtain B and a for RO membranes. Plotting 1/R in the vertical axis and 1/Jv in the horizontal axis

according to Equ. 4 visually provides useful information on the solute permeation mechanism. Specifically, Eq. 4 represents

the linear line with the slope of B/(1 — a)) and the intercept of 1/(1 — o)
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Fig. 9. Comparison of water diffusive permeation coefficient

(Ap), water-to-NaCl diffusive permeation coefficient ratio

(Ao/B), and the advective fraction of the total water flux («) between RO membranes prepared with molecular layer-by-layer

deposition technique, and commercial RO membrane A, and other commercial RO membranes studied in the literature
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Summary

In this study, we used molecular layer-by-layer (mLbL) deposition technique to synthesize polyamide active
layers without nano-scale imperfections. In the first part of this study, the hydrolysis conditions of
polyacrylonitrile (PAN) support membranes were optimized. Experimental data showed that the hydrolysis of
PAN was favored at higher NaOH concentration. Also, the pressure from the backside of PAN membrane
hindered the penetration of the NaOH aqueous solution into the inside of PAN membrane, resulting in higher
water permeability of PAN membrane without sacrificing the hydrolysis efficiency at the surface of the PAN
membrane. In the second part of this study, the influence of the number of mLbL deposition cycles on the
membrane performance was investigated. It was found that water permeability of RO membranes with 5 and 10
mLbL deposition cycles showed higher than that of commercial RO membrane investigated in this study. Also
found was that the NaCl rejection of RO membranes with 15 and 20 mLbL deposition cycles was higher than that
of the commercial RO membrane. Modeling analysis showed that the higher NaCl rejection by RO membranes

with 15 and 20 mLbL deposition cycles was due to less presence of hano-scale imperfections.



