FRBICS B 2 F 7 B FeEIC S 5 05

+* #

i
iy

1. BU®IK

UTEE, AEAKIROERFEESECTE Y, FRES T CRF L 2 EnmKD shTwsd, 20
ERObL, ERaY 7 b LT [EFARHGEKy 27 ARFWIE] B & 00 [EF] AR
FEXKBATBRATE ] RS Nz ZOHT, ./ %W EEGEALEE RS H, B
ApizEgEnsg 7 & VB EOHBRILRYTBRYE, 2o OBnFiERmErBRETE 2
ZEDVHER I N,

UL, +/2B%EALT 201, BO7 7w ) v Z#EORIE, RI%ZEEREEOHEN
BREHENIEL WS, 22T, UTOD 37— oW TEERY - BHNLHH 2T, B
BB %)/ i D W TR 21T 2 & & Lz,

2. REABISBEEC L 27/ 280 RBERERE « ZEMicBs 20158

VG EHE A TEARBBN AR W R, R4 28 (UF, AiE) &9/ 2@ (NF) 244
bR HATK 2 EHOBBEEER 21T\, EiEEC R TEKROEE, BE - OFF « BEREONHE
Rtz tas L, Bk BT 2 BORMEEEICEL THEEE M2 T, Boni R 2 ENT 2
ERDE DB,

(1) UF 2 X 2RI DT, MRMZELLRINERRZITS 2 L8 TE 2, MEB L U

EdseeickrRsh, A, E260 (SIMREOLE 260 nm), TOC (£EKERE) 1220w T b Lk

& SBREE&N, /e, FHIZ LI T7 79 7 2% 1.0~15m/BOBCHL T2 2wk, &

IR LT OB ZRARBICHES &, ZELORFNERZ LTV 5 2 L 2RI,

(2) NF OHEFRTIE, [EIEK 80~85 % TIFLEE LIGEERE2TTH 2 M TE T, LrL, KERT

3, RHEKZTERS 2 HHDRD, 90 BREOEEIWNFKICT 2 LT 77 ) > JE"EDS

Rahiz,

(3) NF 21KOXEXBIFRHERERL, BoGENLLBREIN, BECOWTE, —&

DFEARFEVTLRD L BEINT,

(4) FHERHEAO NFEZ SR U IRER, BEECAE L ESEEMES TR TH S LHES

niz,

(5) BERBAEZ O~ T T 7 4 —PHTFROSEBIEC L 20 TESB O, B & CWEIED

SEER»S, NFEAR27 70 ) v S8 E 20 REREOERSTH L2 2SI LI,

3. AREERSCEE T/ 5BEDT 77 ) v BT 5T

FRURETEEM: F14T, B (9
B5EAR CCPRE 143 H 20 H
BEROME 0 KPR LT LR s L R

— 243 —



NFIZERFAE B2

VHEEBIWGEN I =75 2RO TENERE2 T, 8012, FROEEZEZMAL T, NF
Bo7 7o) 7 OERVBER2/HBE L. BoNTEREENTLERDL IR S,

(1) [EMERERB Y Al VI-I8E, EBHKEERT 2 L FASSBE LT, FVEB L — 8

23FEE LT <, UF THIAE L THRRBE ool — 7, BiEAKOEREITL R VWES

13, HBPREEAZERZ Y, UF CRILIERY 2 & & BIZZE LT,

(2) ABizOWTE, E260 K55 E {BEEh, NF A2#KOZIZIEIE0 TH o7z,

(3) T=F v rEAVEEDS, BRI %, UF gilEd 0, BEACRED E260 23 0.05 %7z

12 0.025 DE&ETHNIE, MERESIZIZT—ETT7 77 ) Y I PBE LA ER WY, —F, UF §iLHE

L OBE, BEADEEO E260 280.05 & @0 TEEEREOBRD A S 525, E260 28

0.025 LIEWERETIRIBVBIEEAERoNEP o7,

(4) @W#éﬁOAJﬁADﬁW@E%OﬂO%&ti0w5@ﬁm,ﬁmﬁ§ﬁmybtoﬁﬂ

K90 %UDIE LT UE, b T BRI TR BB 7 77 ) Y I OEAICE > TWHwb, L L

E260 25 0.005 FRE D72 DEWIBEICE L % EHIERESIEIZ—EIC T o7,

(5) EREAREMINADOCERS DD T-BHA%RE L 2R, MWI10,000~100,000 &

MW500 BAF O#EBHIC % < DEERSIBELEL T b, 72, MW3,000 ATOSDE & A R

KEEREEER S TH D, MWI10,000~100,000 OEEASBEAEEREERS (73 08) ThH3

ZEBbnoiz,

6) BLEXDH, MWI10,000~100,000 DEERSSF / 2D 7 7 7 ) » 7HRMETH 5 Z &

RIS Tz,

4. F 7 ABEOBEK MR M THERT T 2%

BERMCL S NFEY 7o) o 7 OFFEE 2 L D EMCHRN T 200, STESMHRES
2 SRIEA B BREER L CRESRPESRERETo 1o, BilAE - KE - BEHOE N2
FEOMMCEDTOCEHAE L, BEERER -RERCRZTHERFIC OO TR LIz, £DET, 77
FENHEE LB GREZERA LT, BECNET 2EEREERSOREREYT 2 H ke
LT %2, Ty o) v S OEBMME S B, HARERERCHEE TNV L VRER T
foo BRI, F—FEOMBYWERICERLTZE OB ERD, BIEMchG»25E&25HL
1o BONTHEREENT L, XDEIWCR D,

(1) ./ 2BCREKD TOCHEETH>TH, £OHTESMHSRLNE, EAFRELER

22 EHHEIHL 72,

(2) BEAELBERE, BROERDOH TR EGEEEE, pH, A A4 2R, FK-Bk

P, BEEFEE EORERZT D I LR TE N,

(3) AFEHEL:EWEINLH G EEZ b EEAETS7 77 ) VI DEERET 5

HERREL, £, #n2HALT, STEMOELIFERKCKTSE7 7 ) 7OEEH

W&,

) F/2BD7 7)) S OFRBEEERREL, TORIEERITS Z LB TE,

(5) Ruth®7r—*2B\EFNVEEMAL, F¥—FEICL 2B E KDz, ZOME, 7 —FEH

WHAIRHTL D 1 EIfRETH o oo EOERKEDE N IZBESMEIETCRE (BERLTWE 2 e

G-z,

5 Bbbh
KRFFETIE, T/ BT 0% A % E A ARRINCEA T 5 20, % NF K2 /Rv T, &

— 244 —



YK BT %) 7 st s H1%E (B)

HIBURER, SREAKEHVIENERET o, BEHORENRF/ 21EEEE2TH 2 L B2E
B 57012, BAREEBICRZTHERT, BIUNFEY7 > ) Y 7OFKBRBHEOBRE L, £
DR, 7/ 2 RORHENSEEEPEEE PR L5 AT, BEKEOETZHET 5200
7 7o) 7 OMIEIHFEDWTHRE L, [H45 EEAE R T/ 285K % EAO#EARPREL,
AFRIZ L > TH, ERLIZEES K ORERE - T35, HoNERIZEOWEEEIAKT
2bDEEZTNWD,

FHHEHE L &

— 245 —



NFTHRERE H2%

Study on the characteristics of nanofiltration
for drinking water treatment

Lei WANG

Abstract

1. Introduction

In recent years, many problems caused by water source pollution have occurred, that
requires the technological innovation in water treatment. On the background, the national
projects on membrane separation process, MAC21 and new MAC21, had been executed and
rewarded with good results. In those projects, nanofiltrtion (NF) process was developed as a
advanced treatment for water purification, which showed excellent removal of disinfection by-
products, pesticides, humic substances and so on.

For the application of NF process to water treatment, however, there exit some subjects,
e.g. mechanisms of membrane fouling, acceptable water quality, optimum operational condi-
tions, and rational design of NF process. In this thesis, 1) applicability of NF process to water
treatment was demonstrated with long-term field experiments. 2) In order to investigate the
characteristics of membrane fouling, artificial experiments with synthetic water containing
humic substances were conducted using laboratory and mini plant system of NF. 3) Batch and
semi-batch system were also applied to investigate the fouling mechanism and the influence of
operating factors on NF. 4) Furthermore, the fouling model was developed and verified with
theoretical and experimental studies.
2. Applicability of NF process to water treatment by long-term field experiments

To survey the applicability of NF to drinking water treatment, a combined system of
ultrafiltration (UF, pretreatment) followed by NF was operated with actual surface water for
two years. The influence of low temperature on the operation, removal efficiency of color,
turbidity, pesticides, and fouling profile were investigated. Those results were totally esti-
mated with inspection of used membranes.

The results are summarized as follows :

(1) UF revealed an excellent performance as a pretreatment for NF, with successful

removal of turbidity, bacteria, manganese, iron, and with 60 %removal of color, TOC (total

organic carbon) and E260 (ultraviolet absorbance). Adjusting UF flux from 1.0 to 1.5 m/

day, corresponding to seasonal change of water temperature, showed more stable and

efficient performance of UF.

(2) NF fouling was rarely occurred within the water recovery of 80 to 85 %. In the case

of 90 %, however, fouling was apparently observed, because the NF pilot plant had a
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recycle system of concentrate.
(3) NF process had a high treatability of organic colored matter as well as pesticides.
(4) The inspection of used NF membranes showed that there were a lot of organic
matters on the surface of membrane.
(5) Organic colored matter would play an important role on NF fouling, which was
examined by HPLC, ultrafiltration fractionation(UFF) and mass balance analysis.
3. Characteristics of NF fouling by organic colored matter
Artificial experiments with synthetic raw water were carried out using laboratory and mini
plant system of NF. Furthermore, the fouling profiles were investigated by use of above
mentioned UFF. The results are summarized as follows :
(1) In case of laboratory experiments, more flux decline was observed in concentrate
recycle system than no recycle system. It was because that a cake on membrane surface
was more easily developed in the recycle system, where concentration increase of raw
water occurred by the recycle.
(2) With or without pretreatment, NF showed xcellent removal of E260.
(3) Effectiveness of UF pretreatment was convinced during mini plant study. Under the
conditions of with UF pretreatment, 90 9§ in water recovery, 0.05 or 0.025(E260) in raw
water, no fouling was observed under the conditions of without UF pretreatment and 50 9%
in water recovery.
(4) Apparent molecular weight distribution(AWWD) obtained by UFF showed that a
significant amount of low-molecular organic matter, about 50 9% in all organic colored
matter, existed in raw water. Organic colored matter less than MW3,000 was found to
possess almost hydrophilic property.
(5) The fouling of NF membrane would be derived from colored organic matter of
MW100,000-10,000.
4. Fouling mechanism and influence factors on nanofiltration
Batch and semi-bhatch system were applied to investigate the fouling mechanism by colored
organic matter, and influence factors on NF. A method for calculating the mass of foulant was
developed, based on the mass balance and the results of AMWD. Then, the fouling mechanism
of NF was proposed and verified with a series of batch experiments. The data proved that NF
fouling was dominated by the accumulation of humic substances on membrane surface. The
results are summarized as follows :
(1) The substances having MW10,000-100,000 in organic colored water would play an
important role on NF fouling.
(2) Permeate flux and solute rejection were influenced by the AMWD itself and the
percentage of MW10,000-30,000, as well as by pH, ionic strength, hydrophobicity concentra-
tion of raw water.
(3) A mass of foulant was actually calculated by the method for describing a mass of
colored organic matters transfer. It was found that amount much increased when the
fraction of MW10,000-100,000 was dominant in colored water.

— 247 —



NFTHERFHE HF228

(4) Fairly accurate model of NF fouling was proposed and proved with the above

mentioned methods and results.

(5) The Ruth model was adapted to calculate the resistance by cake layer, which was

estimated to be only 10 9% of total resistance.
5. Conclusion

In this thesis, based on the results of long term field experiments and artificial experiments
with synthetic water, the NF performance for water treatment and its fouling mechanisms
were studied. In order to introduce NF process to water treatment system, more information
must be needed and accumulated. It is regarded, however, that applicability of NF process to
drinking water system, especially to achieve “partially high quality water system”, has been

increased by those results in this study.
Professor (Chairperson) Kenichi FUKUSHI
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