Korean Chem. Eng. Res., 56(5), 679-686 (2018)
https://doi.org/10.9713/kcer.2018.56.5.679
PISSN 0304-128X, EISSN 2233-9558

J— o o = = = =
Zz|ol0|E HAELIS 0| 2¢e HELIEF, OIN EAMLIE R, F1HLALIEER
. _

BHo| =%
o|&d - Zolst

gty S-8sfekyslT
34134 ﬂ]@%‘% Al 545 digkz 99
2018 7¥ 44 A, 2018 72 28U FAE A, 2018 8 14 AE)

Concentration of Sodium Chloride, Sodium Acetate and Sodium Citrate Solutions by using

Polyamide Reverse Osmosis Membrane

Heungil Lee and In Ho Kim'

Department of Chemical Engineering and Applied Chemistry, Chungnam National University, 99, Daehak-ro, Yuseong-gu, Daejeon 34134, Korea

(Received 4 July 2018; Received in revised form 28 July 2018; accepted 14 August 2018)

(@] oF
-0 =
Feloh| = SPHRERS o] g3lo] YIRIEF, oLAEARIER, TARIEF S0 GUF FHARL BahaL, 5
R AP A4, 899 B, wR 2] $uE wsw el T Eell fIe Sreot 50 e
& A, 37 Qo] FHEE o3 Ao 2] Bt 4958 FapEe v Skl FEEl o
ofubm o 3R] 17} Zrhslel FahEel vk Fadh ST S| AWl ue T} Felne) faw
OO 3L T Solx] § A Bato] WAt ATk, ole) 2], AR, Aol FKel wet v
ERGIN PA7)A o] AN FERFe) ol sz ABzke] Holsk Ar.

Abstract — Reverse osmosis (RO) concentration of sodium chloride, sodium acetate, and sodium citrate solutions has
been performed by polyamide RO membrane. Concentration polarization phenomena was also studied by changing
pressure, solute kinds, and initial solution concentration. Pressure effect on permeation flux was that the increase of flux
was accompanied by the increase of pressure. Flux increase was observed by the decrease of initial solution concentra-
tion. Surface concentration on the RO membrane increases and so flux declines due to the concentration polarization. In
the later phase of concentration, concentration polarization effect was decreased by the back diffusion of solute from the
polariztion layer. In case of sodium citrate, its large ion size and charge density resulted in the discrepancy between the-
ory and experimental data of concentration polarization. It may be due to electric repulsion on the membrane surface.
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k.: the mass transfer coefficient [m>/m?s]
n, : mass transfer rate [mol/s]
A: effective mass transfer area [m?]

AC;: driving force concentration difference [mol/m?]
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J: permeate flux [m?/m>-s]
AP: applied pressure difference across the membrane [kgf/cm?]
L, hydraulic permeability[m?/s kg]
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J = L,(AP—AIT) )

AIT: osmotic pressure [kgf/em?]
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C,,: solute concentration at membrane surface [kg/m?]

C,: solute concentration at permeate flux [kg/m?]
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k: mass transfer coefficient

C,: solute concentration at bulk solution [kg/m®]
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C,,;: concentration of solute i at membrane surface [kg/m’] 7111 ol &5}l §A8 ke HalE 7k g2 R T 2 A1

C,;: concentration of solute i at permeate flux [kg/m?]
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Table 1. Characteristics of polyamide TFC membrane (left column) and cellulose acetate (CA) membrane (right column)

Operating pH range 2~12 4~6
Operating pressure(psi) 15 30
L. TDS 99+ 98
Salt rejection (%) .. .
Silica (SiO,) 99+ <95
Salt rejection change after 3years 99%->98.7% 98%->96%
Chlorine tolerance <0.1 ppm 1 ppm
Membrane fouling High Low

Table 2. Specification of polyamide Vontron TFC membrane

Type Configuration Spiral-wound
Material polymer Composite polyamide
Maximum applied pressure 2.07 MPa
Operating Condition Maximum operating temperature 45°C
pH range 3.0~10.0
L Stable 97.5%
Salt rejection .
Minimum 96%
Capacity Active membrane area 0.41 m?
Active permeate flow 0.19 m*/day
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Fig. 1. Schematic flow diagram of reverse osmosis experimental appa-
ratus.
. Feed tank
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. Conductivity meter
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9. Permeate flow
10. Electronic scale
. Reverse osmosis module 11. Flow out

. Valve
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Fig. 2. Permeate flux histories with the change of sodium chloride
concentration in reservoir.
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Fig. 3. Permeate flux histories with the change of sodium acetate
concentration in reservoir.
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Table 3. Hydraulic permeability (L,) calculated from permeate flux

(m/s MPa)
Applied pressure
0.4 MPa 0.5 MPa 0.6 MPa
Sodium chloride 1.44x107 1.45x107 1.42x10°
Sodium acetate 1.42x10°° 1.46x107 1.41x10°
sodium citrate 1.42x10°° 1.46x107 1.40x10
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Table 4. Properties of ions [13,14]

Diffusion coefficient

Hydraulic diameter

(x10%m?/s) (x10°m)
Na* 1334 2.04
cr 2.032 3.62
Acetate” 1.089 3.24
Citrate 0.623 3.58
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