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s

JRZRRET HBRIIE, EOF KRB RE S HET D, BER 48%3 2 Z & THAMRED 4 fFI2¥NL
el b, RERBEORIZ/AIZHEKRDI D EMET D, ZHICEY, BE2EATLIEON =y Lra X
FH /4 1ITERTE %,

Flo, T R TFEEETDZILE TR 7 U U 70 200MERHKZZ &b, BEREIHED AT T
ZAA MG 20%EBTELHD L TET D,

U EDRERNG, Bk, REEM, AT T 2RBRARENETNHED 1/2, 1/4, 4/5 ITEHTE 52
b, HFFT /10 BEICE TR M EERBIHSRD FTREMES R Sz, FlEICh 2222~ (120 [/m?)
EEETDLE, HARARO B 12M/m L2y, BRI CHELRDSMBR D=2k (25/m?) 2&HT
b, FolcA v FOTERMORTE (40 [/m®) % FES Z ERRINT,

ULt

10



3K 153006

5. ARRICKYB/ONE-ELHE
(1) HEHESR
1. RO JBEDRR{k BEAE 4 fiR B

INET RO RAERICE VAT 2HBIIR L TREINTELEDR, VWO, FOLIITRY 7 I MiEE
DR SN D DONITHOWTIIAMEIC LV IZUH TH LN E 2ol 40 FEf 2 20T TAV b R0 RS 238
1L, TR CRY AL T 4+ VEPBHTHZ 2R, ERNOBEIN WAV b VERMRIGIE, FE
BILPoL D EETT ARG THDZ LEZHALNC L, ZoFEHETIC, RUT I RFR)~—2%BT5
Z &, MHEFREMERO BB OMER MR IND,

2. Bt RO EOREE L & RAE T DOE &KICHD)

RO DL AT DITHE - THERE T X 0 BUKMERS BT 2EMAEIER S, b R VA0 s
HFORBIREKBREASICIVEEST D2 EDRHLNNI o7, ZHEICE D RO RO 7 7 o U o 7R DN
LT TZ b, M7 70 ) IHREE R -7 RO IROBAR SR K S,

3. FERKEE THI T/ Wi OB~ O EE{IC TR TR TRk

RO MR MEIZIX, EOTBELEY EZ BRYE L TRWSIM AR ERMSINSh 272, 777 NEEREDLT
W22 5 IELIAN Tk, B Z RIS 5 2 L3O T L o7, —F T, LR GIEIC X 0 I 2 %
BT DICIEBE Y 2 — VOMRIERRAIR TH Y, FEME CIRE IR T 2 R EFT 2 FIER RO T\, K
I NT, BEROEREEFMEZHONCLEIEZEZonTE LT, BEEICHBE LA RF I VEIC
PEIRY ~—%KFEMESHEDHI & T, RE~DF /R F+OREEIZKED LTz, £, EE LRIEmE VBT
HEAMUTHHRND Z LT, HRATHO T, TV 2—LVDOFFEE2WE T B EFOBRRICHD LT,
(2) RIEBE~DER
1. U =2— 2ot

INETHEEIN TV HHES RO EOMMEA GRS, oK TRIZIH W TZ OflifE % G20 F
AT AN RI N, FFiC, BEIND RO KX A7 — FHAE TS, +oIc BN EmWZT 2
EERMER L., ZO/RRIE, BEEINDS RO BEICIIEENRMERSHLZLE2R"THOTHY, 5%, &
24— R OHREEZ By & L= SRR b RS,

2. VA 7 NEIROHEST

A — RFIHTIE, EALORESRME E 0 & TAOREMEEDOF MRS 705 2 &LL<, RIS
L2 ENRERBEOREL DD, LLARb, AFFRTHIE L, EREARICHEREN T /2 R+ % EE
TOFEZENT L2 LT, MAKA RO BEoOBEMMmEEL TFd, & 5ITIFBEREMAINIC X > TR &Sl
THBHTEAL KD AN RSNz, 5%, AEHKEA RO Ea2 i LeEBE~Y—7 > Mgk
HH0E LTHIRFT 5,

3. EH1k

A ¥ FTERMO FARQBM 2 GHEH SN DI5KIZH LT, WHK LV E CTEL T 2852 esr L
o BEMIZHLAEEMERBVWZ L0, SRBRIZBAOT V=T Y U T RELHEH TR AT LOEA L
WD eI, o7 VT HIRIC LB ZED -,

<ATEHBEIZIEF L7 pliiR >
FRZRCRUT ~ S FHIT R,
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3. [ENAEZE D EAh B S R
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2, TVTHIRKTIE, 13&AEDOHUIRIZIEWT, KERRNES B ACEDOWINERIZH > TRIME 78> T
kY, ﬁﬁ#OmmE@mmﬁﬂ%/XTAmﬁﬁi EREEOWSNRMEZXET S LT, O THEE

B E VR D, 5%, AEEHBL CEo o P=T VU 2 BATHIL T, TUTHIETO

TBHARFAES AT L2 TR S, ERNEEOIHNABIEOSHRITE T2,
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10.
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Technology Conference 2017, Japan Society on Water Environment, 22th—-23th July 2017.
[LIAT'E, PAN Peng, IEHFEA: BERSRITHIE AT MASHIC X DIEMEERE 7 » 0 U » 7T, HAK
REBEFR Y VR DY LGEHE, 207, 279 280, 2017.
WAL, FEMEET, NN, AN, FREEA: NFOLRMERIC L DMBROKE T 7 7 U > 7 ilzh
R, FREWFERFSHEHLE, 54™, 218 220, 2017,
LARMEM, EAFM, LIU Ze, [LATTE, SKEEBA: JRFFIIBEMEEIC L DROFEREED T 7 7 U 7 A
B = A LOIRY,  HAKRS 2 BRI & -+ S E S8R SCHE (CD-ROM),  23rd ROMBUNNO. 050401 05
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LIU Ze, IIAT5E, SUI Pengzhe, NI EHEAROEEZ V72 THHK 2 MENRFRMFE K & L CTRAE
TOHEEV AT LAOMZE, HAKREFRFESHEE, 51, 69, 2017434,
AT, ZORfEME, LIU Ze, IUATEE, REEBAAL: YB/KHIKAL MR B OARMT 2 W FlE, i) -
O HHIE & TR & o AR O 7 HGEBRRSUEE, 48", 21 26, 20174E1H.
ZIR, WWATE, RN EAFEAROEEZ - TR FAKAERE Y AT LD, BRE LF05E 7
F—7 LiiEE, 537, 19, 201645-12H.
AT, M, WM, EAEIE, B BEESROTEEEEART MEICEDRT 7O ) T
B OIEmEE—E i Bl2%, REET %ﬁn7x~7Aﬁ@$,%%1&2mMﬂwi
WWATEE, PEMB, MDA ERSIRITHEIE SO OHTIE (solid FEEM IZ X DR 7 7 7 U o 7 WE O IERlE
fitt, ESH OKEVIIERERR) L, 2016, 378 379, 20164104 .
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0. AROFEH

[EE]

MEAKEAAEEE (RO) DSUTFEDURAKFBEOILERIC > THRFTERBEATND, —FT, Hnboie
. (BERWE A RO ) O RIENBAEL L2255, 13 A EOMMAWA RO BRIX, N FEFELS), b L
CIEFEFOEFEREEEIN TV L2OBRBRTH S, R aTERES 2R T 5720Icb, #HHKEA RO KO
R ZHET LIV ELHD LB XD,

B EEO TEMEFIIRBICERESND I ENENT ENBAERICZ UL, #HlzkBERE U THAREF
RA7aEARnEBINTWD, giKkEGBHKE LTHANAT2H810E, BETeEARLETHY, BT
[ZNF & LI RO ERZOZKEIZMH S, —F5 T, NF/RO EREMARZ LD, REETHAMA ok x%
HETHZ LMo T LY, & EEO TEMH T, 27 NF/RO B3R 5T 5,

ER U 7eE R EEAR T, R TIIEAEA RO W2 REERERIC LV EEICHE L, i< gLz
WREZAINT 22 LT, BEEOHAKBHHATrERTHNWD Z L2 RET D,

FE1IL, HAEA R0 KA EERONEREZF-EICE THRICKE TES LI, HEYIalL—F—
EUERL LTz, REEREBORE, pH, ERMR EE T A —F—L L THEROEL 2B LR, B
SR, KEHRIRIEE C LRI T Of, 256N pH 28K L35V 7 A NIRRT, %
o, WHIERBICEMT 2 2 & T7 X MEGMBEIMr S, B RF I VEEN BT 2 B a2 g L7,

B 21, BERMTHEEKREGBAKICE THILT D7-OICKE L R D BERE RO, BRILERE % HHEIKE
HEIZE TR T 272012, RIKAWDOMIERELFTOHREPMEL D Z LRI,

85 31T, AW RO BEA PEIVAIR, $i7 / K HREIRICIRIRIE S 5 2 & C, IREICHIT 2 K7 % 58 [
WABET D LICHRATHD TR L, £, ZOBRIEMAA A7 4 VAR ERFET D &R LT,

AT, ARIFETIRET S, HEHES RO LG EEOYKEFBICHWD eI L 223X M aH
H USSR, FEZ2FIHT25E8 LKL T, 1/10ICETa R NE2MALNDE I ERHALNIR -T2,

1. [FCHIZ

IR, YKEROET NTEDOR RIS T, WKEAEOTERHRANTILR L TV D, WKL
BERELT, INETEERAT V77 v valERII U ETHERBEN 1990 FRETERE 720, &
FTIE, L3N F—HEomm NEBRE] ICHIROERPI B> T\ D, WERBREEL, AP OK
GF L EOMDA A UG FEENGIT DI ENTE WM MALETLEETHY, SEZMIL THEK
EZLHBTHIET, KnFOREGUREEBD ZENTEDLFETHS, TETIE, XvEEAED RO
FEHAFE SN TV DL, REY 22— bH b, ik s KBIEBL TWDZ &b, EOFR MNP
WO TV 5,

RO IETO AT E- T, BEREIZHEKF ORI NHERET 5 2 & TIHRAICEOFEKMEENMET T2 MK
7OV BETT D, K770 ) IREITT D L, BRI ZRAFT=DINT LI NG, )
REYIEERTIY, ERRERERNRAIR 78D, —FHT, 0K LERERZFERL T\ 5 &, RO Bk
RETHEELHES [RYT IR MEPEINTHER, HOBEERMETLTLEI), HDOL—EREET
BT L2 B (B% 34~ 54F), RO BEITHT LWIEE T2 Z LT b, ik o 7z iEidH
DT HNDD, REOBATIREREIN TS, T4, RO BEOWE K- T, BEEINLD RO KL A
ICHIML TRV, BEFERO HOLNHFRE L 225> THY, 2015 4EiTiE RO BEE Y 2 — /L OB DL TS B
12,000 /2T 2 L FHISNLTWD, 4, EAEARO KD R 24#ETIMLERH D EEZ D,
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AV RREAZIFILOETLHTUTHETIE, BFEERELVWREREZZT TRY, Z<OHAEXED
INOHOEICEEIREZ#EZ TW5D, 2011 FIZ X A THRAE L KBUKITEBICEH LW, & EEO TEFH#
D%, KEZENLDEDICEBICER SN, —RKERICEENZRWEENRZ, 61, AAHE
IMomz CEXRRICELY, BROKEAEG BTN THY, TEAEICKELRDIKPHERTE R
WZ EDPRERBEEHLRERREL 2o TWD, HFETIE, PKkEE LRI, RO AR LI XV BEF
35 THEKEFAT AT &) 2B 200 6052, RO BIILED 2 A RABEFITE N & BFIK & 722
ST, YKBRIAT AT LOEALE D LS ITEATHRVWORBIRTH D,

2. HRFAREHN

X 5.1 8L UE ST ITA > RO TEMMCTER L7 TRMMPEKOEIES O RKEK, 726N THTHAIK
ELTHRIAT DICHIeo TREL R D KEZRT, BIKITARY, T7oE=7, REBEHKEE S (TDS) 3t
EDITEVEZ R L TWE R, Hx OB NV—7 TR Lz [T L 2 2 5L U 7= B BEE TS
Pk kY, 25 M/m*f2ECBOD, COD, NH4 22 T MHAIKEREL TICE TERBT 2 Z LITkBI LT
Wb, 72720, BEOBEEMIGIRETIE, TDS IHMERMTE 2\ e®, %EITIT RO FRIC X 2 BiE LB A B &
BB

INZIVHUAHEKLBISD (18] MEBEIO—

|®MN«FACRaw=/k4©m§mk4@§§}4©&mmﬂﬁkﬁ@mw}ﬁcm7uﬂa/ﬂ}4omu

IR
(mg/L) (mg/ L) (mg-N/l-) (mg/L)

4000
ﬁil;m,ﬁsﬁ 5.5-9.0 30 250 50 2100
AENK 7-8 1UTF 1T 0.1 30
BMREEZRL. SHKZEETSICE. SHICEELGLEBNLE
AIEIOER + g TOoEX
Q%M OE &5 B0 ANF/ROFEALIE AEIKE B
BODD KR CODDIERL NHAD L8
NHAD KR TDSDE 8L
CODDIEE

X 51 A v RAZ )V YRR OBALEL 7 1 —

INETORET, 4> FOTEMMTIE, 30 ve—/m® (50 M/miE) THEKAEREENTEY,
POKBFAAZ E T 5 ERITE, g TEIS Mg TORMERD 5D, H LW RO FEodEK= 2 M3 113 [
/M ThHDILEERD L, YOKERMEZERET 72D, kDO RO BEHRD A M 1/6 BEICE
B 2 LB D D,
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KO A FEL YA TEMMPEKAEE ORGRKE, MBRAHNKE, HAKIZKRD 6N D5KE

Q) & Ok Pk ADE & 5 Bt AL 12 ANF/ROE LI ARKER

BODD KB CODD &L
NHADE TDSD{E R

BETEMBRZFAFL . (EIRTEBRZERIE  Nr/ROMEIZLBEKIARME
(25A/m?) 113 /m3 (GWI 2007)

1 KZ/LGAP
Bk
TN EEHFEEEIL

BE . EtEH

asﬁ,lﬁl

e |:|7 TDSHERE TS 1 48 87M/m3 (30 JLE—/m3)
(mg/L) (mg/L) (mg-N/L) (mg/L)
R K 40 4000
MBRALEE 7K 8.1 1UT 1T 0.1LF 3800
AAEIK 7:8 1UT 1T 0.1 30

Z ZTABIETIE, #EARRAKIETHE WD -7 RO IR (A4 RO I8 Z2@EUICAE Lzb0z, B EE
DYAXFFA 7 B RCHHT DV AT L E2RET D, EHEA RO KOFIMIEL LT, £ FE £HKHER
A2 T2 —FFIAL &, MIMiEEZAEL2bDEMETD 17y 77— U HA 7R O
2EENEZAOND, ABFETIE, LFEED 2FHDOGIEIZL - T, MHEA RO EAHKERM 7 7 & R IZH
PRI T D2V AT LEMSLT D721, LUT OWFFERREICNAYER Y Al ie,

BRE 1 HEHEA RO IRAAER DBREMERE &2 £ o 1 IS TRET 2 8IF D%
RUT7 I FRERBICBIT ST I FREEOMICEEIZET 5 1E M4 &I, WHlMERBREMEFO RO R
BﬁﬁiﬁﬁiﬁT:&Tﬂ/Eﬁ%Eﬁ%ﬂ“éo

BRE 2 : RO BEEEDFIA S D DOFIELHSLT D
RE2-1 B LD Y = — 2 A e

22 . WELIZEET v 77— L TY A 7T D EI &L
AREE 3 : AW A RO A M U 72 B KRR & 2 7 A DR B REAT

ARGt 5 2 & C, HHAFEARO IKE2FH -2 HARICIEA TS5 Z & THEIERO KE Y = — LRHIE S,
HSTHEODIEAIZ D3 B, F7-, ZMAWE RO EOHHULT V7 O THMIRIC I 1T A &Moo 5 E 7
AIKDIEREC D223, RF LERENE T AR AR T RRICES T RERD,
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3. MIRRARAE
3.1 FEAEA#RE*EEOREMEEF >IEICETCRET HEMOBAR

B#1: EREAROBEZEEDREMRZERF A HMIRICETHET SEMEMRE
o B [ M E R DB R £ A B
@ REIRRFEICKLHHEHER i | — -

¥

Q@ HHICHETSAFOME

‘ pH. B . BRZZE LS TOREFAR
T EBEORY
Q RIERLNEEMOBEFRIXEER %
F=(pH. BE. M) OXE1ERR b1
\ 4 e
_____________________________________________________ "TGJ -

________ y

® SAUFEI2A—ILTOBEMEHIG

@ B#1 EX

61 BEEERETHOTo—

ROBUIRBA DR Y 7 I RBUERRE, RV AN T VG, R =F L U RilkAfifg o 3 f@gEicie> Tk b,

BIE=RIIRRBEORY 7 I FOLFERECKRE IKFT D, BELTIHERICEWET 72012, BLA
(KHEREE) ICX VARV 7 I FEHEEREICOWT 20BN’ H D, AFETIE, OFY 7 I NHOBL
(ZBE 59 2 BREL IR 7 Ol H & O @FE % A RO RSB E 7 VR EAERL L7221, @R Y 7 X R A =X
LEMAT D, THICKY, EEOBEREZFFo7-UE RO ORENATEEL 725 (K 6. 1),

A% RO AR OBREMEEZ R - B E THET 5121, WREHORY 7 I FEEOBLORE
T D EAMALE L 2D, AR TIE, BEEEICREEER (50000pm) ZIEEREA S E-Bo, B
FEETRTDREEDZEZBNE LT, LTORIETHEEZ EH LT,

TTAT 4 w7 DRI RO JE2 1 L7- 10cm X 15cm, #&mEFS 0015m2o RO = (DOW-SW)
BEHEL, BEB IO pH OB 5 REERBIAR & — E TR, — EIREO S CER DR, fEBREAL L 7=,
WHERBEIZ L VB LRI, &ER T a2 L ciEE L, £ 15Mpa, 7R E 15Hz &M
T35%HT N U U AKERE A LIZBEO AR OBXEEELZWET 22 LT, BEREZRD, 5
BIT — 2%, MR HEERBEE (C) XAl (T), MHlcBERL LTRIEL, aVAT 4 v
7 e LTERE L,

HNT 2 A TFDARAL FINEEZRNT EERIKORBREZERL, NIERETELONTER AT v 7 #
B AR TN TH LN WERE 2T 22T, 27— T7 v 7OEE, BIOEY2—NLER
DEEEREFT LT,
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¥/, K621TRT &SI, HROWARAKIMT 7 N TEBICEIEI N 8 1 o FIE (40m?) 122\ T,
WHEET N OBEMMEEZRE L, BEFEREZ TR S HAR~RE L, MEKRKEEHmEEE 2 VT 5,000ppm,
PH1T DI TIRHLESRRRIC K 5 B e b QNI U =R O R4l 2 S0 L 72,

BRETRAEAFHROES - BT WEEE (BRIERIS%ES—T v )

R ERE HEAR ST ERE o 5 B Rt ST
(2627535) €LITED) G (R EE )
®pH11+02 NaOH 2h || BitEsk : 997% NaClO : 5000ppm ik - 957%
@pH3+02 HCl  2h || Flux:022m/day pH:11+02 Flux : 0.60m/day
®10ppm NaCIO 6h R : 25C+2C
, (S5 4F) RinbsE - 14h EIES:D|
o [ : 1MPa ) [ 1MPa

UK : #910% B : $#910%
K : 0.2%NaCl oK : 0.2%NaCl
(380mS/m) (375mS/m)

R 228C BE  219C
FEKIERS 1 5minEdnig FRKBSRS © 1 5miniEdnig

6.2 M L7 SR DR AR YK

SHIT, AWETITREERRRICL DR 7 I FMEEOBRIEEZH LT T 5720, #4722 CT fETH
B L7 RO EZHOWT, 7=V = BEHFRNA RS Mo (FTR) IZ X DEREOEREAFEDOLE(, BEL
O DR 2 O T RERREOBAE N OELZR]IE L,

3.2 HREHROBEZEHDFAT 5-HDFEDOHIL
3.2.1 HMELEEDY) 1 —XBfiiDOMEL

WELIEREEZ Y 2 — R 57DI21F, EOREOBIMERLEF - 2N THPEKOLIRITHE L TWD D0,
BHOEMNITZ2HERS D, AFZETIE, ITOFECLY, THPEKEGBHEKICE THILT D700 E L
ROGIEREZA SN LT,

31 THEHEY I 2 L—F —%B5(Z, BEE U, D 95%F COVMREMER L, 1> FOTHYKERK
#ELIAKkE LT, NFAAMBR LEBHEORGTH A OHPKEERKL, ERBICHLIFo7%IC, K63I1TR
T LI, MUEABEREEICLY, A@FERIC L, AL, £ 1.5MPa, fEERViE 10Hz THEML
Teo ABHIZEDY T NIZHONT, pH, BXRASEE, BIA A RE, WA A RE, 7AWV E, X
Ny LRE, REE, AV AREXZENENVRE L, £, A@H, RFEiEKOZEEGEZHE
T5H5IET, BEOBKMERE (77 v 7 R) ZRE LK,
EBK REE

25°C - EAH&

EAFEANT

75— WEHY 7

63 MRAOBRERIEE DA A —VX

19



3K 153006

322 WELEEZT7TYyITIL—FLTUYA VLT BEMEREL

HH#E A RO FEOMELR E L, RIHHERREIZ L VL L TWA 7w, HilEORE & IMLERITHEEN R D,
AR TIE, BB IOHEIC L > TE LI RBRBRERE ORE A £ L T, 64 IR T X OIT, Mk
HCHERENME T R F 2R FF LR BB T 2, BAERICIE, BEIZX > TRDIELZHROEICIH LT, K
VxF LA (PE) Z23A 0 F—L UTHIT /B % B E R 2 HiT 2 L L7,

3N CHREWEY I 2 V—F—%5E\Z, NWEENNS 95%FE TCOFEEER LIz, KB LEEL, &6IC
4y F-& 25,0000, B Iwthd PEIEHR (60°C) (T 60 4r[lR{E L7-1&1C, Kk 20nm DT/ Ki1% 0.01w th
B TIRBIAIRIC 30 X MiRIET 5 Z & T, WEmEICE) /R &2 A5 Lz,

VERR LT8R/ R B DTt S A A7 4 v DA 2 R 9 5 72912, 65 IR T LIICTR—E
MR L, [EHEERA ORI L -EE 2 N T T AICEA L% 2 B, ARl L7, fREREEfh
BB, MEGREHR (SYT09) 1Tk v HEm 2% L%, SLBEMETIc X v IR E OMERER A R
L7z,

BELEREDO 7 70 ) U TRT X VEFMT 729012, & LE#EXSH0 B Tk ERKL,
HIBEBRICH LIz, AiiE, 15MPa, fEERFIE 10Hz DKM, EIULERN 80%I2725 T THBEME LT-, A
EIRRRIZB T DBEAKEROETNS, FEOT7 7O U IRT o v VEFHE LTz,

BETAER FH

e Eyo7L
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[Abstract]

Key Words: Sea water desalination, Water reuse, Upgrade-recycle, Degradation model,
Wastewater treatment, Water environment in emerging countries

Recent years, the application of reverse osmosis (RO) membranes for desalination has been
spreading all over the world because of the increasing freshwater demand. However, the disposal of
the used membrane (used RO membrane) is becoming an obvious problem. Most of the used RO
membranes are currently being disposed as landfill waste or being illegally dumped without any
treatment. It is therefore necessary to promote the 3Rs (Reduce, Reuse, and Recycle) for used RO
membranes to form a sustainable society.

Since industrial areas in developing countries are often built on high grounds that are lack of
water, wastewater reuse is drawing attention as a new water resource. In the case of reusing
wastewater as cooling water, a desalination process is necessary. Usually NF/RO membranes are
used for the desalination process. Nevertheless, it is extremely difficult to apply the reuse process in
developing countries because the NF/RO membrane is too expensive. Thus, there has a high
demand for inexpensive NF/RO membranes in industrial areas of these countries.

In view of the above background, in this research, we propose to use the used RO membranes for
industrial waste water reuse in developing countries by modifying the used RO membranes
moderately with sodium hypochlorite and adding functions suitable for subsequent applications.

Firstly, a modification simulator was developed to modify the used RO membranes with an
arbitrary salt rejection ratio. Based on the fitting result using sodium hypochlorite concentration C,
pH, modification time T as parameters, it was found that the salt rejection ratio is a function of
sodium hypochlorite concentration C and modification time T and pH. Besides, the mechanism of
modification was clarified to be the formation of carboxyl groups after amide bonds are oxidized by
sodium hypochlorite.

Secondly, the salt rejection rate required for treating food factory waste water to cooling water
was determined. It was found that a membrane with a salt rejection rate of at least 48% is required
to decrease the electrical conductivity to the cooling water standard.

Thirdly, used RO membranes were successfully coated by copper nanoparticles on the surface for

the first time in the world, by sequentially immersing the used RO membranes in the PEI solution
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and the copper nanoparticle suspension. It also showed that this kind of coated membrane possesses

biofilm resistance properties.

Fourthly, it was clarified that the cost of using the modified used RO membranes developed in
this research for wastewater reuse in developing countries would be suppressed to 1/10 as compared
with the case of using new membranes.
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