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B OE X UK R EUK AT SR N T AR T2 MG I S8 B AR SRR A T XS L FIY, 43
Bra$ [ B AOK B RS AT 00 S5 R R, WA HL 9 BRACR SUA LAY, COD,, £ BRFRIITE 76.94% LI
[, EHETS AR I R B B BRI A HLY (DOM) A6 T 9408 , BRI (35 A6 0 3 B W0 2 X T Ik 23 7 4
EEAEH T 10000 Da AL 3R B RAFH) L ERACR 2B R R 5/ TR RS & e R — 0
TR MrEs 73t 8 B F A T @I I OIS E SRR K ROBE IR R > 86.16% , A1 T8 R B FRAR 25 BR &
>88.85% , HAYES T L BRACR — L. LUd i Rz A7 TR AR A PO B 47 T o038 b, AN E LB @ A 3 0 A e
(i, (Ha AT 2 B A1 2D LT Xk A o ZER BRI Ak PRl fin A Al 2 TR AR,

KR HRERBE, Mk, REER, ST, KiK.

Comparative study on ultra-low pressure reverse osmosis and
nanofiltration for treatment of Taihu water

WEI Yong'™* YAO Weihao' GUI Bo>  DONG Bingzhi®
(1. School of Environmental & Safety Engineering, Changzhou University, Changzhou, 213164, China;
2. College of Environmental Science and Engineering, Tongji University, Shanghai, 200092, China)

Abstract; With a pretreatment process of ultrafiltration, this comparative study used Taihu water as
the original water to compare: ultra-low pressure reverse osmosis with nanofiltration membrane in
terms of product water quality and operating condition. The results showed that the removal effect of
organic compounds was similar, and the removal rates of COD,, were both over 76.94%. Three
dimensional fluorescence detection indicated that the reverse osmosis removal of dissolved organic
matter ( DOM ) was better than nanofiltration. Gel chromatography displayed that both had good
removal effect on_the components which were mainly concentrated in 10000 Da in the raw water.
Nanofiltration showed greater capacity of removing small molecules than reverse osmosis. By delecting
4 monovalent and 4 divalet ions respectively and analysing permeate water of reverse osmosis and
nanofiltration by ion chromatography, it was found that reverse osmosis desalination rate was over
86.16% , sulfate removal rate of nanofiltration was over 88.85% , and the removal effect of other ions
was average. Considering flux and operating pressure as index for evaluating operating conditions,
nanofiltration had more stable flux than reverse osmosis, but the operating pressure would increase

with the process of time. Therefore, it was necessary to adopt pretreatment or increase the frequency
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of chemical cleaning to release the pressure.

Keywords ; ultra-low pressure reverse osmosis, nanofiltration, desalination rate, operating condition.

B (RO) J& AN BN ) 22 Rk 5l 7, A 790 325 2ok JRC s S V8 70005 I 43 B, AN AR (g
FEAR, 2E VKB IR AL B 2l K ) 45 2505 T K 4 5 BB VE R ) AR 52 A TR 2 A il 4% 1 4l /K BRAR
P ROB R, 55 RO R HLEE BB A SO id REAE AR A R 1) v B R SR A il i A0 B T E Y
T AP B, TS Y g e

Y498 (NF) BEIFLARIE AT B B RS IR I 2 0], 35 & 43 3 A X 43 F i B 7E 300—500 Da Z [i]
FIF LN TR, AE BRI/ A WL, 16 BB BERR P B 38 3 TOHLES 7, HoA REFEAIC B AR faf i 55 4y
PE NG A DEHLIAI T A 2, S TR OB B 1 — 4332, TRLAR Z2 B0 T DL 38 32 14 B B AR 7
AT

X T B I AR A 1 5y B MR RE A B A b, (BN T AR uE AR, (U B R R A e 78 4 1
Hoor B PERE. 9N UE IR Y 2 DR PR RRIA 5 B A far F v BB 3 1) T 2 R A O AR R A, o
JZ 22 R B EL A SR B, BT LA LA — R BB AR5 e AN, — M A AN B IR — M B RO B R B L — 1 S
T, R R BT R B B G AR, 2 — BN E AT o0 TR R A TR BE R S (R T4 T
BRI

t FAUE B T RIS TR AR R B 3% , REREAR, A — & ALY 2 BRI i 48 58 ) AR 3
IS8 TMHI0A B AR 212 32 A TM610 B2 8 R 7% Fo A9 dl ik e B 25 1 7 7K K 5 | 3
FEEFTHE T, e AL BSOS RERERY 2257

1 5 77 ( Materials and methodg)

L1 RS
JERKHR A R SR B, 16 3 T HOK Bl 3% 1.

R 1 JFKFEEKFEIER

Table 1 * Index of main quality raw water

i H HRME fi/ME -
Ttem Maximum Minimum Average value
7K Water temperature/ °C 31 9 19.71
P Turbidity/NTU 182.23 6.48 46.23

pH 8.88 7.13 8.00
CODy,,/ (mg-L"") 4.56 2.86 3.61
BRI Algal density/(10*4~L7) 140 74 90.83

R U8 PR T A P S A 7 19 Multibore 769 58 Bk AN H 23 21 2 55 (150000 Da) , i JE IR 6.5 m®, N &
HUSR L UE , TE A 8 S b, 4 24 hosmA AL F I PR 1 IR B E B OT A FH AR I A2 7= 1 TMH10A 79 50 ik i
LABIESZEN (200 Da) , 49 U8 FRITHH AR A 7 ) TM610 AR e 45 XA U FEE (200 Da).

DA TEIL (cary eclipse, Varian) , B F 3% (mic, Metrohm) , L S AGM#5 (819, Metrohm ) , %
B (01 (2695, Waters ) , S2AMGIN 25 (2489 , Waters ) Xf T 7K it FE 47 43 A R0
1.2 SEEE

AN 1 s SR I AR R A 5 2B AT B I8 K FEATKAR KA 2R 200 L AVE N S iB i8/ 9h ik
P S KA R FH e e 208 v T K A K S BB B S AR B RS, Jis 7K A v K R 7= 7K 9 JI 7K i 2R Il 7K
HEAT A IR S0 R KL B R T2 R 2 TR0 (. >R PH AR W g 4 1 7 A U s i Sy S 96 Pl 4 ) i
FES T R /K b 34152 B R 7 38, W AKCORN [T i v /K 15 B i it 1
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Fig.1  Flow chart of the device

1.3 T2

FOBIERIT . AL TELIRBE U8 TR BER R R & A L it 4 mg-LI"CRL AL R R
HETR 8 m?, %] = BERIBT, WK i 1000 L-h™' 3% 8 i 1 5 2 SLiB AT , A0 BR300 AR
KA 22—31 COEAE 22 LMH(L-m™>h™") i@ & Fiaf7, 817K 11 R 4.5—6 bar, WK K 1254
2.7 bar, [ 28 35%.

Y PATT BT AL R e A g B HEE AL 8 m® , SR M BB AT, Wk T B 1000 Leh' %
SE TR LB AT, E AR, B UMA 60 mg-L™', &4 DBNPA (2, 28U -3-k L L4 it i)
() HS-301 AR A7 K 1R AR 30 min, KR 9—13 C.E E22 LMH & Fizf7, 8177
g 2—3.5 bar, WK 1218 1.2 bar, IR Z) S 26%.

ZEH] TMHI10A A SOBE R, L TM610 H45 3 i (1) R L K 07 R 350% 109 00 8 2, v RE E 5 59 Y
BURETG G% ) BT LAFE TMHI0A A9 Hi7 A 3T FH 7 S TR 68 + JRE 0 0 9 1T TMO10 19 if A BRASUR FH A8 U8 B 422 3
JE. TMH10A iz17F 2017 4F 8—9 H ,TM610 47 F2017.4:10—12 H.

2 R 5118 (Results and discussion)

2.1 KB AT
2.1.1  JRERR

FIFH B - 350 5 BRI JFUK B8/ NUEHE K, B3/ N uE = /KBy 8 FE - (Na™ (K" . Cl™ |
F~ NO; \Ca®™ Mg™ ¢SO ) AYHEEE | AN Hs R FR BT T 405 22 15 1 1 22 BRACR. TMHI0A X F—14 2 F 1Y
EBRFEN 89.30%—97.71% , ¥ T M 719 LBRE K 86.16%—99.60% ( W3 2) ; TM610 X F—Hr &5+
B =B FAR T 19.44% , M E T HIEBRRKT 32.18% , %F T HBRAR 22 K fie iy , 1551 88.85% (L3 3) ;
TMHI10A F1 TM610 X -F R A 3 (1) 22 55 5 43 1)k 89.30% ,32.39%. 1] LAFE H TMHI10A A9 i £5 34 S5 0 &
TM610 1k S50 ) AN 8 IS | 45 A — SN BE X T 0 B8 F I 2 B0 T — M B F I RS TM610 44 3E
JES TMHI10A HIK T SB B A e, FLBERBE 14 22 8 A pE/K B B s 3 2 i SRR m A 00, PT RE TR B
HEINATALEE T 75, DAPRIE H 7K A0 B 7 e B TR FR.
2.1.2 AL R BRECR

FH =456 F TMH10A F1TM610 14 H 7K 43 B AT T A (B4 L au) , S5 SR WA 2 fir7R , TMH10A
B H K B R A (B 2(a) ), TM610 B K AA HLR FEARAR (11 2(b) ) (SR BEA RE R Y, W v T
H K A WL E (B 2(c) ) . TMHI0A %5 TM610 R A ML Y 22 B b 3500 B 4 | 728 SF- 252 fl
5Tt W J5E £ 23Rk 1 0 B 2R G X T A WL B B B SRl e i

el FBE IS (AR JFOK B 3/ RIS EK | OB 13/ AR08 r K AT 4 F 2 I 5 , AXT EL 4% A
ARV AL 0 2 BRECR. KL 3 B, JEK i 4+ 5 32 2E4E 10000 Da A2 47, TMHI0A #E7K 78
10000 Da fIEEA B A TR, 2R T 20% , A JE YA 704 150000 Da, 6K F 10000 Da, iX /&
B TMH10A 9 FTAL B AE L IREE A UE  TREET B98I0, T8 2244, 85 T 888X /N A WL )
RBRFCER 5 TM610 7K 5 5K LT JC B 5 22 0] (B 3 22l /N ) | BT LA H 8 08 7 TG TR 26 iy Ak 242 1 195
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B, XN A o TR A VL% A LBREE ST, TMHI0A Fl TM610 i H /K 1 UV {HARTRAIR,
s EATAK T 0.0001 em™ HCRE (K 3 A5 0/NED) 278 TM610 19 UV {EX T TMHI0A , HA [ 5/
I EBSES X ATEES TM610 A ZNuERR 5 H e m o far k& A e

R 2 TMHIOA X T &5 M 1 R AE 1 25 BRACR
Table 2 Effect of TMH10A on the removal of monovalent ions, divalent ions and total hardness
JROK e B EIE KU E FOB B Kk

®r Raw water RO inlet RO permeate water LR
lon Concentration Concentration/ Concentration Removal

/(mgeL7) (mge L) /(mgeL7) fe
Na* 29.0 29.0 2.1 92.75%
K* 4.8 4.7 0.2 95.83%
Cl™ 35.0 34.1 0.8 97.71%
F- 141.43 135.23 15.12 89.30%
NO3 1.55 0.42 0.07 95.48%
Ca® 41.9 40.2 5.8 86.16%
Mg?* 8.9 8.5 0.7 92.13%
SOi_ 50.8 50.8 0.2 99.60%
JEMig B Total hardness( LA CaC()}ﬁ‘) 141.2 135.3 15.1 89.30%

TE: ND., KKz HL.ND., not detected.
R 3 TMO10 X T— MW BSF | M s 1 R E G e B AR
Table 3 Effect of TM610 on removal of monovalent ions, dons and total hardness

JK e B YRURIHE K A YRR IR E
BT Raw water NF inlet NF permeate water G
Ton concentration/ concentration/ concentration/ Removal rate

(mg-L7") (mg-L™") (mg-L7")
Na* 31.9 31.9 25.7 19.44%
K* 4.5 4.5 4.5 0.00%
Cl™ 38.6 38.3 38.0 1.55%
F- 0.39 0.39 0.36 7.69%
NO3 ND. ND. ND. ND.
Ca®" 39.4 38.1 26.6 32.49%
Mg** 8.7 8.6 5.9 32.18%
S0y 51.1 50.8 5.7 88.85%
S # B Total hardness ( L4 CaC03‘H“) 134.6 130.9 91.0 32.39%

7. ND., KA HND. , not detected.

A FIREELGFIA N, TMHI0A #E/K ) COD,, Ik T TM610( &l 4) , IR EEY R HEUEFE = T X%F COD,, 1Y
FBRERT , TM610 . TMHI0A Xt-T COD,, 19 BR% 5 10% , EE 5K dh COD,, Bk B A %, 1L4t,
TMH10A iz 47 HF (7K IR AHE T HE F1 X8 T TM610 , 5 i A9 I B2 A i A5 TMH10A BEAY8B PE i, A
i 7K B COD,, S i T TM610' .

2.2 BT LT
2.2.1 Gl

TMHI10A F1 TM610 #J3 & 4 22 LMH iz47, Wi 5 Frs, TMH10A (938 & 7E A7 15 d %185 LTt
J/ TSR T 1.0 OGO, HEE  TAEE 2 KR &, Has A7 sy, e i s R 0 R 00 A 45 5 1
BEVERG T LS, BT DO B T B e BB O 15 d JE BB TR, J/ 0, BT 1.0, % IR RS
Y57l AL 38 ek AR AT — e Bt A 2 KR T N, 7K IR ) T i 37 ask RS I K a3 RS BE R AR T R A
BTN B 1 A K et 2 BE A B A0, L rT DU B R s Kl T TMHI0A BB &,
B ALY A S T R RE I ARAR SR, 2 U8 BH 7 38 0 %) 3o B AR ER , A4 B K IR R ) SR AR AL R R T A AR
FERAR  TM610 BB AR RT 20 d —EARFA, B )5 D sh 3 1 W, DL 1202 Bl 75 32 17 B 18] A9 38 hin, JE Y5 e
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G R, S R Y T . TM610 5 TMH10A AH H, 50 & 5 b .

400

400

350

Ex/nm

300

250

Em/nm

Em/nm

400

350

Ex/nm

300

250

Em/nm

B2 K5 E K =HETOLR
(a) TMHI0A, (b) TM610, (c) A3¥kK
Fig.2 Three-dimensional fluorescence spectra of permeate water and tap-water
(a) TMHI10A, (b) TM610,(c) tap-water
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0.0040 7 2 gzg:; = JFi7kRaw water
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0.0030 F + TM6107% 7Kk Permeate wate
0.0025 -
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s S 0.00006
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3 SrFRESr A UK RO/NF K (RO/NF 727K
Fig.3 The distribution of molecular weight: raw water, RO/NF inlet and RO/NF permeated water
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[ g T™MHI0A(COD) g706% 7100
,ofF  C]T™slocoD) 150
OF u} N
P —o— TMHIOACKRRX) 7694% 1
sob = TM6IO( £) 60
~ F 3027% ~40
T, 50F o 1., =
osof S
2 r %' 17 2
S 40 - 14.71% 4o &
o) r 7 i g
8 30 s --20 )
r - -40
20F
" +-60
10 F 4{-80
ot . % 11 100

Raw water RO/NF inlet RO/NF permeate water

4 TMHIOA FlI TM610 X§ T COD,, F & BRACHR RS HLIA]
Fig.4 Comparison between TMH10A and TM610 on COD,,, removal

222 BfTES

TMHI10A F1 TM610 ¥Ji% & fy 22 LMH 247, fnl&l 6 Fron , ASMEFRA# | Bl 4% 5 ¥ i 69 38 m , 15 15 d
TMHI10A F1 TM610 [/J3ia 17 JJ AR &2 T ETF.15 d J5 , TMHI0A [ A280F [ = il TR B B
LTINS P 0 A BE 5 T B T R R 2 AR 31 < B u8 MR T, 28000 B 1 W B e e 2
b RS T AR BEALAE R 5 T TM610 3847 e 1 320 e, e Ry i T LA A, BEAL TS e IF
TR B, LA 6 /I, TE A RO R BB DL T, 15 SR I i i i

TM610 3247 J1298 TMHI0A f—2  F54 W EEA 5 R SE bR TRE X TM610 J 71325 T i
FY IR G e S FE A AN T, Qi A b B T 20 B A TR AR AR A

LST e mMHI0A : ; 6.0 F
1.04 - —e—TM610 : :
55F
1.03
102 | g 50
o
1.01 - 5451 —=—TMH10A
° 5 —*—TM610
= 1.00 5401
g
099 "é 351
098 | g0t
097 | 251
oor L ) L X L . | X | X . ) ) 201 L 1 1 1 1 1 )
095 0 5 10 15 20 25 30 0 5 10 15 20 25 30
Running time/d Operating time/d
5l SIEATHIAOCR A Bl 6 &7 B AT A 56 7
Fig.5 Relationship between flux and operating time Fig.6 Diagram of the relationship between

operating pressure and operating time

3 %5 ( Conclusion)

(1) BB 2 3838 AN EST T ML R B KA A 2 BRCR , COD,, bR R ABTE 76.94% L) I, =
Ak IR WA S | 374 A 22 WA T K FF 10000 Da B9 E A ALY, 255K 8EE 100%. AR E
B EXN T BT ERBORIE T, 2R KT 86.16% , WUEXRT T M B TR B 5 B AR 1 25 SR AR 4,
iR 88.85% , Hofh B3 71 L BRASCR — M, 38 A TR K I A4 7=

(2) 17 TOL o , GHUE R 4 B 8 W R, 7 /K B 3 ol L R R I IS DL R, A
DB FITET AL B T 25 DUSEIE = 7K B8 3R BE kAR , AL, AN0E 1Y 3a 47 6 1384 T i s i, S S bras A
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