NF2} M= 2 S$231%

2 ME])



PREPARATION AND APPLICATION OF NANOFILTRATION MEMBRANES
Kew-Ho Lee, Nam Wun Oh, and Jonggeon Jegal

Membrane and Separation Research Center, Korea Research Institute of Chemical
Technology, P.O.Box 107, Daedeog-Danji, Taejon, 305-606, South Korea

ABSTRACT

Nanofiltration (NF) is a recently introduced term in membrane separation. In 1988,
Eriksson was one of the first authors using the word ‘nanofiltration’ explicitly. Some
years before, FilmTech started to use this term for their NF50 membrane which was
supposed to be a very loose reverse osmosis membrane or a very tight ultrafiltration
membrane. Since then, this term has been introduced to indicate a specific boundary of
membrane technology in between ultrafiltration and reverse osmosis.

The application fields of the NF membranes are very broad as follows:
Demeneralizing water, Cleaning up contaminated groundwater, Ultrapure water
production, Treatment of effleunts containing heavy metals, Offshore oil platforms,
Yeast production, Pulp and paper mills, Textile production, Electroless copper plating,
Cheese whey production, Cyclodextrin production, Lactose production.

The earliest NF membrane was made by Cadotte et al, using piperazine and
trimesoyl chloride as monomers for the formation of polyamide active layer of the
composite type membrane. They coated very thin interfacially polymerized polyamide
on the surface of the microporous polysulfone supports. The NF membrane exhibited
low rejections for monovalent anions (chloride) and high rejections for bivalent anions
(sulphate). This membrane was called NS300. Some of the earliest NF membranes, like
the NF40 membrane of FilmTech, the NTR7250 of Nitto-Denko and the UTC20 and
UTC60 of Toray, are formed by a comparable synthesis route as the NS300 membrane.
Commercially available NF membranes nowadays are as follows: ASP35 (Advanced
Membrane Technology), MPF21; MPF32 (Kiryat Weizmann), UTC20; UTC60;
UTC70,UTC90 (Toray), CTA-LP; TFCS (Fluid Systems), NF45;, NF70 (FilmTec),
BQO1; MXO07, HGOl; HGI19; S8X01; SX10 (Osmonics), 8040-LSY-PVDI
(Hydranautics), NF CA30; NF PES10 (Hoechst), WFNO0505 (Stork Friesland).

The typical ones among the commercially available NF membranes are
polyamide composite membrane consisting of interfacially polymerized polyamide
active layer and microporous support. While showing high water fluxes and high
rejections of multivalent ions and small organic molecules, these membranes have
relatively low chemical stability. These membranes have low chlorine tolerance and are
unstable in acid or base solution. This chemical instability is appearing to be a big
obstacle for their applications.

To improve the chemical stability, we have tried, in this study, ', prepare
chemically stable NF membranes from PVA. The ionomers and interfacially
polymerized polyamide were used for the modification of the PVA membranes. For the
detail study of the active layer, homogeneous NF membranes made only from active
layer materials were prepared and for the high performance, composite type NF
membranes were prepared by coating the active layer materials on microporous
polysulfone supports.
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Homogenious NF membranes based on poly(vinyl alcohol) (PVA) and ionic
polymers such as sodium alginate (SA) and chitosan were prepared by casting the
respective polymer solutions. The membranes prepared were crosslinked in a
isopropanol solution using glutaraldehyde as a crosslinking agent. The membranes were
characterized with FTIR, X-ray diffractometry and swelling test. The membranes
crosslinked through the acetal linkage formation between the -OH groups of PVA and
ionomer and glutaraldehyde appeared to be semicrystalline. To study the permeation
properties, the membranes were tested with various feed solutions (sodium sulfate,
sodium chloride, poly(ethylene glycol) with 600 g/mole of molecular weight (PEG600)
and isopropyl alcohol). For example, the permeance and the solute rejection of the 1000
ppm sodium sulfate at 600 psi of upstream pressure through the PVA membrane were
0.55 m'/m’day and over 99%, respectively. The effects of the ionomers on the
permeation properties of the PVA membranes were studied, using the PVA/SA and
PVA/chitosan blend membranes. The addition of small amount of ionic polymers (5
wt.%) made the PVA membranes more effective for the organic solute rejection without
decrease in their fluxes. The rejection ratios of the PEG 600 and isopropanol were
increased substantially.

Composite type NF membranes based on the PVA, ionomers and polyamide
were also prepared, using various preparation methods. The prepared membranes were
tested by the same method as used for the homogeneous membranes The permeation
properties of the PVA composite membranes were so and so. However, the use of small
amount of the sodium alginate, anionic polymer, improved the performance of the PVA
composite membranes. For the typical PVA/SA blend composite membranes, the flux at
200 psi for the PEG600 feed solution was about 0.8 m*/m*day and the rejection was
about 90 %. The small amount of the SA incorporated with PVA improved the rejection
of the small organic materials while keeping the flux constant of the PVA membranes.
The performance of the PVA composite membrane was further improved when
interfacially polymerized polyamide was used for the formation of PVA/Polyamide
blend composite membranes. The flux and rejection at 200 psi for the PEG600 feed
solution through the PVA/Polyamide blend composite membranes were about 2.4
m*/m’ day and 97 %, respectively.

The PVA/Polyamide blend composite membranes prepared in this study turmed
to be very comparable with the commercially available NF membranes with respect to
their permeation properties.
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Scheme 1. Chemical structure of NS300 membrane, from piperazine
and trimesoy! chloride
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Table 1. Properties and performance characteristics of some commercially available NF

membranes.
) Water i ]
Company .Membarne Active Permeability NaCl MgSO.
and location Name Membrane| Charge coefficient
layer L/mYhe/MPa | Conc.% Rej.,%|Conc..% Rej.%
Celfa, Germany |DCR-100 1 t 51.9 0.35 10 1 1
DDs HC50 T 1 20.8 0.25 60 1 1
Nakskob,
Denmark
Desalination Desal-5 1t 1 471 0.1 50 0.1 96
Systems
Escondido, MN
Fitm-Tec (Dow) {NF-40 PA Negative 250 0.2 45 0.2 97
Minneapolis, MN |NF-70 PA Negative 720 0.2 70 0.2 98
XP-20 1 t 50.0 02 25 0.2 75
XP-45 . 1 1 307 0.2 75 0.2 98
Kalle NF-PES10/PP60 T b 103.8 05 15 T T
Germany NF-CAS50/PET100 1 t 310 0.5 55 t 1
Membrane MPT-10 1 1 293 0.2 63 1 1
Products- MPT-20 1 1 50.0 0.2 18 t 1
Kiryat Weizmann {MPT-30 t 1 516 0.2 20 1 1
Repovot, Israel B
Nitto-Denko NTR-7250 PVA Negative 625 0.2 50 0.2 98
Osaka, Japan NTR-7410 1 SPS Negative 500 0.5 10 0.5 9
NTR-7450 4 SPES Negative 92.0 0.5 50 0.5 32
Osmonics B-type TLC1 t Negative 472 0.2 50 0.2 25
Minnetonkia, MN
PCI AFC-30 PA Negative 25.00 02 35 0.2 97 |
England
Toray SC-L100 CA Neutral 313 0.2 75 0.2 97
Japan UTC-20HF PA Negative 94.7 02 66 0.2 99
UTC-60 PA Amphoteric 47.3 0.1 85 0.2 99
uoP TFCS-4921 t t 340 0.05 85 t 1 95
San Diego, CA ROGA-4231 T o 330 0.2 75 t 95

* CA = cellulose acetate; PA = polyamide; SPS = sulfonated polysulfone;
SPES = sulfonated polyethersulfone.

1 Data not available.

€] These membranes show lower MgSQOs rejections compared to other NF membrances;

however, they have greater than 90% rejection of NaxSQOa.

Table 2. Comparison between nanofiltration membranes

s Conc. of dye at permeate I
Membrane Watlgh[/)]e(rgr}lcc;lélhty (Conc. of Dfsre:) soln: 350 ReJCCUE)O/IL)Of salt
KH-1(Made in KRICT) 3.34 0.05 ppm 15.0
TS-40 3.46 0.1 ppm 25.0
MPF-31 2.05 0.5 ppm -
MPF-32 1.25 0.8 ppm -
MPF-44 220 1.0 ppm -
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Figure 1. NF fulfils a new role in mem-brane separation processes.
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Figure 2. Water softening remains the largest use for NF plant.
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Figure 3. A combination of NF and MF are used to process baker’s yeast.
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Figure 4. NF recover sodium hydroxide from textile industrial effluents.
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Figure S. Desalting of cheese shey by NF solves a major disposal problem.
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Figure 6. Cyclodextrin is separated out by a combination of NF and UF.
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Figure 9. Permeation properties of the PV A/Chitosan blend membranes
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Figure 10. Permeation properties of the PVA composite membranes
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Figure 11. Permeation properties of the PVA/SA blend composite membranes
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