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Abstract

Behavior of hazardous organic compounds including bisphenol A, phtalic acid, and phosphoric acid in
low-pressure nanofiltration process were investigated. In the case of NTR729HF, rejection of all target
organhic compounds except 2-H-Benzothiazol and 2-isopropyl phenol was more than 90%. The lowest
rejection for 2-H-Benzothiazol was observed in another membranes, The UTC60 and UTC20 showed similar
rejection characteristics of hazardous. organic compounds. Although the rejection of Bisphenol A, nbuthyl
benzenesulfoneamide, N-ethyl-ptoluensulfonamide, 2-H-benzothiazol, ptbutylphenol and 2-isopropyt phenol
was less than 30%, the rejection of tributyl phosphate, triethyl phosphate, camphor, 2,2,4 trimethyl 1,3
pentandiol and diphenyl amine was more than 90% in the case of UTC60 and UTC20. The rejection
characteristics of various hazardous organic compounds were converted into one parameter Ks, which was
proposed in the diffusion-convection model. The Ks of hazardous organic compounds were discussed by
comparing with their solute size represented by Stokes radius. The diffusion-convection model considering
Ks was successful to interpret rejection characteristics of hazardous organic compounds by low-pressure
nanofiltration membranes.
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hindrance) & #}ol] 23] BAE 3w, o AF W5
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1: Feed solution, 2: Permeate solution, 3: Test cell (C10T),
4: Pump, 5: Pressure regulating valve, 6: Pressure gauge,
7: Flow meter
Fig. 1. Schematic diagram of cross flow nanofiltration

experimental set-up.
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Table 1. Membrane properties and operational condition of nanofiltration membranes

NTR720HF NTR7250 UTCe0 uTc20
Membrane material Polyvinylalcoholpolyamide Aromatic polyamide
Nominal salt rejection (%) ) 70 55 60
Operational pressure (MPa) 0.3 03 03 03
Permeate flux (m¥m?sec) 286x10% 7.63x10® 1.2x10% 1.28 x 105
Circulating flow (L/min) 1.8 18 1.8 1.8
Temperature (°C) 25 25 25 25
2.2. 29| g% F R LI EHoIH, 2t B A7, B Al g

Agel AHEY FFde, YR &5 %9 &
FE B 95%2 FAE 29 34 Table 2¢] EA
¢ 4% /7] 84¢ 005mgLE H7BIAT. ol
T8 MAERE £ol3A @A YA,
A4 FRFRGE & FE9 29 HSEE BEY
. g Azse & AR Fd AEde 4
4EY FEE 1] 3 o] &HMY & A
3 Fre ¥9 AL T 2o MFE AEH
Row, A A f71 EAEl o FF Fiy
£ 9L dAsle 9¥9x QI (Oh? F, 1999).
29 s AR f7] B L EgAEH AU B
o] BAHEF 136~296daltone] F3H Ao EFFH 7

Table 2. Organic compounds added to synthetic wastewater

384 Table 2o VehiSic),

2.3 HEEY

dojA 100mLe] 2z} Algo) st dichlorome-
thane& o] &3 A4 F&Yoz B4 i #71 &
AES F28%2on, GC/MS(GC-17A, QP-5000A
Shimadzu Corporation) o] #+¢]8}e] SIM(Selected Ton
Monitoring) =2 HE8Y. 3F # ¢ZEHe

9 A a2z E 1 9 (LC-10AD, Shimadzu
Corporation) ¥ o2 &3¢},

. . Molecular Weight, Diffugivity,
Chemical Name Abbrev. Chemical Equation MW. (Datton) Ds(msec)
Hazardous Tri (2-chloroethyl) Phosphate TCEP CeH:C13OP 286 5.81x 1010
Organic Tributyl Phosphate TBP CizHz0 P 266 6.00x 10710
Compounds  Bis Phenol A BPA CyshieO2 228 6.47x 1010
Diethyl Phthalate DEP CyaHi40, 222 6.55x 1071¢
n-Buthyl Benzenesulfoneamide NBBSA CyoHisSON 213 6.68x 1010
N-ethyl-p-toluensulfonamide NETSA CoHy3NO,S 199 6.90x 10710
Dimethy! Phthatate DMP CioHi @ 194 6.98x10°1
Triethyl Phosphate TEP CeHisOP 182 7.20x 10710
Dipheny! Amine DPA CygHyN 169 7.46x 10710
Camphor Cam CioHyO 162 7.85x 10710
2-H-Benzothiazol BTZ CeHNSCOH 151 7.88x 101
p-t-butyiphenol 8P CioHi0 150 7.90x 10~
2,2,4 Trimethyl 1,3 pentandicl TEPD CaHig0; 146 8.00x10°1
2-phenyl-2-propanol PP CgH,.0 136 8.28x 10
2-igopropyl phenol 2iPP CgH,:0 136 8.28x 1010
Sugar Maltose Malt Ci2Hz04, 342 5.32% 10710
Glucose Glu CeHi 06 181 7.22% 1010
Alcohol 1-Propanol Pro C:HO 60 12.3x 1070
Ethanol Eth C,HO 46 139%10™
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2 wto] FAR 39 A7) AABAE 7HAY,
olE BAL Alo]lZ B (size effect) ol AT F2
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2 SILHE AR WY /3 K71 EAT KA
2] 9] Stokes W73 S 7}A)|+ Maltose, Glucose, 1-
propanol ¥ Ethanole]§lom, &3t 4@ Aol
T Holg ulel o] 2} gt o A AEL Stokes
Hio] 245 F7lslhe %S BAT

o|gA doiA FF P YELFY AASLE 7|
Fog e ZHUAN K3l R71EHY AAEHE
v & 4 A KA #71 EFES Are,
Stokes ¥} 3} \1iecd 3} gho] 9|7 A A& Alole] A
#HAAE 7T & § fAch FALE &0 M
& ool NTR729HFS| 2% Age] o] 8¢ &3 &
7] 22 E Fo| 2-H-Benzothiazol®} 2-isopropyl
phenol& A9 &9 EAo] 9% o|de &&
AAEE JebHA}, Stokes ¥HB L 2-isopropyl
phenolo] 71 22 g 7HAU, 7ME RE& AAES
B9l A& 2-H-Benzothiazolo|gt}, o] EAL
NTR7250& E&, UTC609} UTC200} thsix = o}
& EdH vustd @ AAEE JeRUY W
vl A z@EAe] sht2 el Bisphenol A= FAMG
Stokes W3 £ 7}A& Diethyl phthalate9} H] 3}
NTR729HF, NTR72509] 73§ £& AA&S st
WA=, UTC603 UTC208) A S B AAS
£ et UTC60x UTC209e) B9 4 &
Eo thg B AAEY Aolrl WL FAGH

s
4%E Bk &, UTCo0ol dhiajAl 90% o] 4] A
A&E B9 5749l £4E (Tributyl Phosphate,

Table 3. Stokes radius and the experimental rejection of sugar, alcohol and hazardous organic compounds by low-pressure

nanofitration membranes
Chermical Name Stoke radius, Relecton
rinm) NTR720HF NTR7250 UTC60  UTC20

Hazardous organic Tri (2-chloroethyl) Phosphate 0.421 >0.99 0.85 0.74 0.65

compounds (Plasticizer)  Tributyl Phosphate 0.407 >0.99 0.75 097 0.96
Bis Phenol A 0.378 >0.99 0.69 024 0.21
Diethyl Phthalate 0.373 0.98 0.37 0.67 0.45
n-Buthyl Benzenesulfoneamide 0.366 0.95 0.51 0.29 02
N-ethyl-p-toluensutfonamide 0.354 0.94 0.40 0.3 0.23
Dimethyl Phthalate 0.350 0.95 0.18 045 0.28
Triethyl Phosphate 0.339 >0.99 >0.99 0.94 0.931
Diphenyl Amine 0.327 >0.99 087 0.89 0.81
Camphor 0.311 >0.99 0.42 0.94 09
2-H-Benzothiazol 0.310 0.74 0.23 0.13 0.09
p-t-butylphenol 0.309 0.92 0.28 0.26 0.15
2,2,4 Trimethyl 1,3 pentandiol 0.305 >0.99 0.37 0.95 0.92
2-isopropyl phenol 0.295 0.802 0.322 0.16 0.13

Sugar Alcohol Maltose 0.459 >0.99 0.98 0.96 0.93
Glucose 0.338 0.97 0.66 0.64 0.59
1-Propanol 0.199 0.47 024 0.24 0.22
Ethanol 0.175 0.38 0.19 0.18 0.16
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Triethyl Phosphate, Camphor, 2,2,4 Trimethyl 1,3
pentandiol, Diphenyl Amine)o] th8jA] UTC20¢] ©f
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UTC600 A 30% wigie] AA &S Yelge EFZE
< UTC209] M= FLEA 71 e AALS
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=AU,

3.2. 2& |
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Bl GojFivk(Wang 5, 1995).
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F,=~Ks(D, -%;—nKs(cJV) @)

A )8 %9 FFEH F79 ¥ (ratio of porosity
to membrane thickness) & ©]-§-38l] AR3ln, Ao
2 dojd 849 83 £33 1.8 o] &3, BAA
T Ks& 78 £ glth. Astol) o] 449 2o 2257
FAS vle BF € ¢REFY £ JYPo e Ao
A #AE Ao, Ay A1eg Ee e
1.0x 10*m ' (NTR-7250), 5.7x 10°m 1 (NTR-
729HF), 9.0x10°’m™ (UTC-60), 1.0x 10*m™ (UTC-
20) 2 A4+= Ao} (Monthon, 2001).

R, ¢2ERF L FH4 71824 deM Ay
S2RE dolxl ZF Bdo d AALREE vy
Aol o AA7t X }EE Ks§ Foled, 1 3
& Table 40 el 4 BAEY Ks@tdt A)
A&E v B, Ksgto] 55 AA g0 ¥ A
€ ¢ F Ut Ksgto] AAW &it L o] Fol) o
49 &x7t Frkeke], Ul g Ser] AdA=
B, AALo] Holdttn & 4 itk NTR729HF,
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Table 4. Ks parameters obtained from curve-fitting of the calculation of simplified diffusion-convection model with experimental rejection

of hazardous organic compounds, sugar and aicohol by low-pressure nanofiltration membranes

Ks(-)
Chemical Name
NTR729HF  NTR7250 UTC60 uTC20
Hazardous organic Tri (2-chloroethyl) Phosphate 0.0123 0.0563 0.0952 0.1038
compounds Tributyl Phosphate 0.0136 0.0818 0.0296 0.0350
Bis Phenol A 0.0098 0.1026 0.2901 0.3102
Diethy! Phthalate 0.0178 0.1978 0.1301 0.1420
n-Buthyl Benzenesulfoneamide 0.0215 0.1535 0.2685 0.2881
N-ethyi-p-toluensulfonamide 0.0268 0.1992 0.2825 0.3033
Dimethyl Phthalate 0.0247 0.3396 02141 0.2316
Triethyl Phosphate 0.0136 0.0339 0.0515 0.0610
Diphenyl Amine 0.0151 0.0679 0.0645 0.0755
Camphor 0.0176 02114 0.0669 0.0793
2-H-Benzothiazol 0.0734 0.2803 0.4375 0.4694
p-t-butylphenol 0.0359 0.3099 0.3414 0.3683
2,2,4 Trimethyl 1,3 pentandiol 0.0187 0.2383 0.0621 0.0747
2-isopropyl phenol 0.0622 0.2643 0.4431 0.4768
Sugar Alcohol Maltose 0.0136 0.0810 0.0256 0.0299
Glucose 0.0346 0.2053 0.0650 0.0753
1-Propanol 0.1728 1.0268 0.3251 0.3765
Ethanol 0.2548 1.5136 0.4793 0.5550
B A T o SE— 1 Fep
1 — TEPO, TEP, BPA, @‘ 09 ?
| Cam, DEP NBBSA : O C%I;A
L ) 8
0.85 e o ° O, o0 o.TBF’
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Experimental Rejection (-}

Fig. 2. Comparison of experimental rejection with calculated
rejection without considering Ks in the case of NTR29HF.
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g daLH WM E, 457 Tl gloix &
718718 e 24 AL E4E F UG F

Experimental Rejection (=)

Fig. 3. Comparison of experimental rejection with calculated
rejection without considering Ks in the case of NTR7250.
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Fig. 4. Comparison of experimental rejection with calculated
rejection without considering Ks in the case of UTC60.
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Fig. 5. Comparison of experimental rejection with calcutated
rejection without considering Ks in the case of UTC20.
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Fig. 6. Relationship between stokes radius and fitted Ks to
experimental rejection of hazardous organic compounds, sugar
and alcohol in the case of NTR729HF.
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Fig. 7. Stokes radius and fitted Ks to experimental rejection of
hazardous organic compounds, sugar and alcohol in the case of
NTR7250.
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experimentat rejection of hazardous organic compounds, sugar
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Fig. 9. Relationship between stokes radius and fitted Ks to

experimental rejection of hazardous organic compounds, sugar
and alcohol in the case of UTC20.
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