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Removal of low concentration organic matter by reverse
osmosis membranes in ultrapure water production process
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Abstract : Ultrapure water (UPW) is water containing nothing but water molecule (H,0). The use of UPW is increasing in many
industries such as the thermal and nuclear power plants, petrochemical plants, and semiconductor manufacturers, In order to
produce UPW, several unit processes such as ion exchange, reverse osmosis (RO), ultraviolet (UV) oxidation should be efficiently
arranged., In particular, RO process should remove not only ions but also low molecular weight (LMW) organic matters in UPW
production system, But, the LMW organic matter removal data of RO membranes provided by manufacturers does not seem
to be reasonable because they tested the removal in high concentration conditions like 1,000 ppm of isopropyl alcohol (IPA,
MW=60.1). In this study, bench-scale experiments were carried out using 4-inches RO modules, IPA was used as a model LMW
organic matter with low concentration conditions less than 1 ppm as total organic carbon (TOC). As a result, the IPA removal data
by manufacturers turned out to be trustable because the effect of feed concentration on the IPA removal was negligble while the
IPA removal efficiency became higher at higher permeate flux.
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Fig. 1. Schematic of the lab-scale ultrapure water process.
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Table 1, Physical and chemical characteristics of IPA

Molar mass 60.10

Molecular formula

Density 0.786 at 20 C
Solubility in water miscible
Viscosity 1.96cPat25 ¢
Purity 100 %

574 o 3 Azl e IPAS] ks
TOC(Total Organic Carbon)= A3} T},
2 Ao A= T&C Technical AFe] ACCU-
RA-Ro|Zh= 154 v]&f TOC 4 BAE A
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L ppm PRFO.R Ze AT AN 715
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Table 2, Conditions of TOC measurements ulo] TPA A|AEL EA359 T Ao Al8=
Analysis range 0.1 ~ 1000.00 ppb Z58 gaEae 542 Table 33+ 71‘]:]’
Accuracy 001 ppi HIAE Al A4S §9L 0.2-0.4 mi/h,
> —+ o
prornge Lo R 1m'/h, 95 522 22-23C, IPA S
Conductivity >1M£2 - cm -
, %X 700 ppb (as TOC) m|gto &2 ZAsto] 7}
Sample supply Water 5-50C _ ~
conditions temperature 272 Z 8 GALEURO] TPA A A S-S B4
Particle size <100 um
Sample flow rate 20 ml/min
P 3. (72 H E9
Sample pressure 7 ~ 100 psi at Inlet
31 Za48 SarFete] PATIAE B}
22 a2 2eg oif=ule] [PA 4|7 &S Bolel]
o] =) nlulo =2 Z0]35 Al
AF L 4013 GAIETF MBS gAES X #13l 1 ppm(as TOC) wIRke} IPAS St
S o U e T == —a T HAa = L) =\ =
o) AIF AL A2 o]Qall ZAAQ ALE A 2er(AFH 10 MO - om 2)E
= AAE AR E ol &dll, 248 94T AFoa AlElo Al o =
Jo = Al AAISHIH. Fig, 3, 4, 5= 247

Table 3, Characteristics of RO element for ultra water production

RO element Salt rejection(%) | Operation conditions | IPA rejection(%) | Model characteristics Permeate flow rate
(membrane area)
1,000 mg/L IPA
RO-A 225 pS:g<1.>oMPza> High TOC 2,250 GPD
2 99.0 77 ‘F(25 C) 96.0 - s
(7.9 m?*) - rejection 8.5 m*/d
15 % recovery
pH6.5~7
1,000 mg/L TPA
ROB 150 ps1:g(1.£)5 MPa) 2500 GPD
2 98.5 77 ‘F(25 C) 92.0 Low pressure )
(7.9 m? 9.5 m?/d
15 % recovery
pHO6.5~7
RO-C 0.74 Mpa High TOC 5
(7.9 m?») N/A 25T 96.0 rejection 6.5 m?/d
Table 4, Experimental conditions for the IPA removal tests
RO element RO-A RO-B RO-C
Manufacturer 25.0 25.0 25.0
Feed Temperature (C)
This study 22,6 22,0 22.0
Manufacturer 15.0 10.5 7.4
Feed Pressure (bar)
This study 10.2 ~ 16.0 6.4~12.2 8.0 ~15.4
Manufacturer 45.0 50.0 34.0
Permeate Flux (LMH)
This study 253 ~41.8 25.3~50.6 25.3 ~50.6
Manufacturer 1,000 1,000 N.A.
Feed TOC (ppb)
This study 520 515 508
Manufacturer 2.0 2.2 N.A,
Crossflow Rate (m?/h)
This study 1.0 1.0 1.0
Manufacturer 15.0 15.0 N.A.
Recovery Rate (%)
This study 16,7 ~24.8 16.7 ~ 28.6 16,7 ~ 28.6
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Fig. 3. Effect of flux on the IPA removal by RO-A membrane,
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