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2 o ¥ dAFolA+= polyvinylidene fluoride (PVDF) T3AMS AAAZE g A8 e BduS A =33Hh Poly
styrene sulfonic acid (PSSA)$} polyethyleneimine (PEI)S layer-by-layer 2 $41 &3} wralo 2 A2 Atel| IR} 2
o] B9} o vjAlE A5 Yol A} NaCl, MgCl, CaSO; 100 mg/LF89S 1 L/min®] FE2.2, 2 bar?] €< 4
24 7FllFATE 20,000 ppme] PSSA (©]-2A17] 1.0)-&Hol 38, 30,000 ppm (°]-&A|7] 0.1)&Hel| 12 ZET who] 713
Stk Bzl o ajAE&2 NaCl 33l A= 38.5 LMH, 57.1%, MgCL+E 37.9 LMH, 90.2%, CaSO,= 32.4 LMH,
54.6%% Z7F S AT

Abstract: In this study, the nanofiltration (NF) composite membranes for the low pressure use were prepared using
polyvinylidene fluoride (PVDF) hollow fiber membrane as a supporter. Poly styrene sulfonic acid (PSSA) and
polyethyleneimine (PEI) were coated onto the PVDF membrane by both layer-by-layer and salting-out methods. To
characterize the prepared NF membranes in terms of the flux and salt rejection, 100 mg/L feed solutions of NaCl, MgCl,,
and CaSO, were used at the flow rate of 1 L/min and the operating pressure of 2 bar at room temperature. The NF
membranes coated with 20,000 ppm PSSA (ionic strength 1.0) solution for 3 minutes and then 30,000 ppm (ionic strength
0.1) solution for 1 minute were observed the best performance. The permeability and salt rejection were 38.5 LMH, 57.1%
for NaCl, 37.9 LMH and 90.2% for MgCl, and 32.4 LMH and 54.6% for CaSOa, respectively.

Keywords: polyvinylidene fluoride (PVDF), hollow fiber membrane, nanofiltration, salting-out effect, layer-by-layer
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Fig. 1. Schematic of PVDF Hollow Fiber Nanofiltration
Process.
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B AFto| A= polyvinylidene fluoride (PVDF) &%
A AAAE St A EH} layer-by-layer 4
< ol&ste] AYE UeEdTES AzxsAth Poly
styrene sulfonic acid (PSSA)<} polyethyleneimine (PEI)
& AHgste] BRETE w2 v Axstazt kgl o
FEEA Ao R F&, o] 2A|7](on strength,
18), FHAE 2Este] Ze AEF ths Nadl,
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MgCl, CaSO; TE&qS FHHLSE 3t 2 bar, <
stoll A Fa=ot @ wiAlES FlstaAh
2. & ¥
2.1, At I Tz

FTEA UxdRetE Azsbr] 9lste] PVDF
(polyvinylidene flouride) F3AtYS AAAZ A3}
Aok "o AFEE 182 542 Poly styrene sul-
fonic acid (PSSA, sodium salt, M. W. 70,000)%}
Polyethyleneimine (PEI, average M. W. 750,000)= A}
83T Mg(NOs), - 6H,05 @O 2 ARE3te] o] 4]
7](lonic strength. I1S)E F43}%.2 ™ NaCl¥} MgCl,
CaSO, & =zl =9 IFdez Adsiinh
Younglin pure water system (Seoul, Korea)< ©]-8-5}<
zeTs A4 Axste ARSEITH
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2.3. FE-SEM 24

A Z3 Yo} uh-S Field emission scanning elec-
tron microscope (FE-SEM, Hitachi S-4800, Tokyo,
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HE= AFHAY FAE A8t A (1)= o]&st
AlstAal @ Al FFTet Y] TDS(Total
dissolved solids)& 2] (2)& ©|&3t] ALFSIATH17].

Fluz (L/m*hr, LMH) = permeate(L) 1
R S wa(Lfmhr ) membrane area(m?) X time (hr) ( )
Rejection(%) =
(feed concentration— permeate concentration,)
(feed concentration) <100 (2)
3. Znt & n&
3.1. FE-SEM &4
AZF helsiate] =Y fRE U] Hstel
Fig. 2. FE-SEM images of membrane. (a) Surface; and (c) T3l OH BAO = 3g
cross section; of pristine PVDF membrane. (b) Surface; jLJiL‘; L;"——' < SHAT Fig. 21‘] ((Da)-( )=
and (d) cross section of coated with PSSA 20,000 ppm, IS StAl &2 whe] Apxlelw FE-SEM #9& 3 vieoft
= 1.0, 3 min/PEI 30,000 ppm, IS = 0.1, 1 min.
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Fig. 3. Effect of lonic strength of PSSA solution on flux and rejection (PSSA 20,000 ppm IS = 0.2~1.6, 3 min/PEI 30,000

ppm, IS =

0.1, 1 min). (a) IS = 0.2~1.6 NaCl 100 mg/L; (b) IS = 0.7~1.6 NaCl, MgCl,, CaSO4 100 mg/L.
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Fig. 4. Effect of coating time of PSSA solution on flux and rejection (PSSA 20,000 ppm, IS = 1.0, 3, 5, 7, 9 min/PEI

30,000 ppm, IS = 0.1, 1 min). (a) flux; (b) rejection.
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Fig. 5. Effect of coating time of PEI solution on flux and rejection (PSSA 20,000 ppm, IS = 1.0, 3 min/PEI 30,000 ppm, IS

= 0.1, 10~60 s). (a) flux; (b) rejection.
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Fig. 6. Effect of concentration of PEI solution on flux and rejection (PSSA 20,000 ppm, IS = 1.0, 3 min/PEI 5,000~30,000

ppm, IS = 0.1, 1 min). (a) flux; (b) rejection.
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