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BI/NEQW PR Sy B 6L > 4L > WL, T NFOO BRM 8 B8 04040 > X4z ; St FIRAEAHABEEHBE,
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R (NF) R—MHMEHNENBINESELE, CEIBENEEER, XR4A5HE4
SHBERTSE., 4R RENEE. HTABESKOAREENN SN AFKRLE (WEE
e, mredh), SEAMEEAEBRERKSBEERE, HERMEK COD, KFEAKNEE., BEMER
WRKPRAENY (TOC)., =pifite (THMs) AfIRMEHEMNNAEERZE ZEH" . BX
RH, MIEXEK P EBEMA YO BRI EBRARD T

AXWET =MAFPEBEX 21 FBEESHHBRER, FAAREFRESRED RENR
B AR BRI, BEXTRALEYNBERSHERFNXRANER. REETNEBBK
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1.1 BEHRSEBELEY
ARk E M KL% TR NFOO i gEfE , NF270 44 R 71 NF-2yge i, HAERBEHRE N
3.35x107°m’. =FPIEEHHESRNE 1 TR

&1 NF90, NF270 1 NF-P8 IR BES 4L
Table 1 The properties of NFOO, NF270 and NF-nanofiltration membranes

HBERES JIR 364 R BESTEY i L/ EEY Bz
(nm) (mol + m™?)
NF90 EmBKRESHK #5490 0.29 2.18 x 10° 1596
NF270 REREEISHE 2% 150 0.36 0.512 x10° 489
NF BRIREREE SE 234 150 0.37 0.471 x10° 398

a) ERPHAENDRRERITERSE; b) WEKMHN 10mmol - 17 HEALHRE K.

PRI A B ARG T AR C70-F B BE VAR BEA M. 5 ERR R B E 5K R ik 24
AN, B RAREB YR BB ERKERENEE, REENRMRERESRTHY.

BMEALEMAH N X, SFH. PR, WEB., $XE B, HE_B. X _BH. SEH
B, WEER. SPEER. XNPEER. FHEER. WHER. SREEPR. AEEEFR. Xt
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KB R LB FARK (BAPRE—FBEILEY), BMELEGYWHRKERESN 10mg - 17,
KRR SL. KB REEERE 25C, #KKE 6L - min~'. 4> %4 0. 5MPa, 1.0MPa, 1.5MPa
RBEEDTUNERBBRSETHERE, EE=FMENTHRRER, Nde L EBEYHENIER
AR REBRE A .

WERTE LN X B TR, WEBRKNSKER (J,). NARESKERAMEKERML, LR
PG HEMBER (R) WEW. HAKERSEVEME 10U L, WEEHRFE. SKARBRER
JER 0. 1% AP MM 28 T KX BB B AT SR 1 UE, LA AT — YR 50 BT i 26 9 R v
A B B 15 .

BEERBTRIHE:

R (%) = (1-C,/C,) x100
K, C,MC AIABTRARERFHORE (mg-17").
1.3 WA

ARk & W 35 3 VOUFN VR 46 VB WK BE 3 R 4h 43 B R B 3 (DR/4000U, HACH, ¥(H) HEZAE
¥ 0 B KR WO IR A AL 45

AEAmE/D R (PLS) fEREEFE, HEAHREER (GA) #TEB%EFE. BED
8 F MATLABG. 5 B4 F & LB LB

2 ZR5E

BAIEZMIFHITE
HPAREN, ShAGRBERABERTUAIRE. HNREFHEGTHE 3 IR, &
B 1h B — K, Bdt#eT oh. RBLERWA 1 Fix.
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Fig. 1 The relationship between the rejection of phenol and operating pressure

METAUES, —MARB AR NBEEHERERENNERTER. SKAREEE, &
A0 B 2 T K B K U R B8 30min, RS H/K B UE 10min, HYEREH N SL - min "

REBNESKER, MEXRLERWT. 0.5MPa it, NFO % 99.7% ,
7 100% ; 1.0MPa Bf, NF90 fE3% 95.3% ,
91.2% , NF270 fEk 94. 1% ,

H.

NF270 &% 100% ,
NFE}95.1%. AIRBIEEHAK, BEKERAMK, BI5LHG™

NF iR 5 100% ;

NF270 &5 100% , NF f&

1. 5MPa i, NF90 X

SEERBEEMERMNKER, WK RMA 1.OMPa (ELE . B TE WERE X
BTRE, BCRAE3, 4, 5, 6 /MTHERNEHEENZYROBE R,
2.2 BAEMEMMEHE W
EMPYEENSILAR 2 BRHENBEBRIITERE2 F, AER2AUEL, =MHAEEX JLARS B
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HEREE R ZRRAREMENP W, X T NF270 B NF K 5, S8 ENKB/NIKRE R4 A0
> [ > X7, WX F NFOO R UL, JLLH 5y 50 A it AR B2 R 4R 62 > X 62, 18] o B i By 3 R
BFE. WEFBRNEBERBEATEPER, XA _BHRERNDNTHE R, NEREEFRSXZE
EHFBRMBERHEEARL. 55, HEBMEUAYHBERMIERATX—A (R2).

AR UM S FEABEKEZRERE. A THSECEAK, AAESETBRL, SBERA
. U =R RS R R AR WAL > WAL, T NFOO B BB ERBERAELRE
F B BLE T LU 13 9 18 B b 288 19 22 Wl o AR %

®2 JLARSRMENBERARE (%)

Table 2 Experimental data for the isomeric compounds ( % )

o 58 B BRENGE R X_H BEB HaER MER =25 4 4
4 70.3 91.0 88.6 75.0 52.2 97.9
NF90 gt Ji] 7.5 66. 8 — — — 96.9
%t 59.7 76.9 86.6 55.2 51.9 96. 8
4 27.1 54.6 42.8 29.3 14.9 92.2
NF270 f# ) 26.7 15.5 — — — 89.6
xf 19.0 14. 4 39.7 18.5 13.8 88.7
5 27.4 54.6 43.3 28.6 17.1 92.3
NF Ji ] 22.9 17.2 — — — 90. 1
b 21.6 13.2 39.8 16.7 1.7 87.8
Pk g0 2,3-Z“HEH AT B boE-1. 1- %8 2-%%
NF90 f& 48.5 87.4 98. 4 51.9 72.4 75. 4
NF270 f& 13.0 38.4 76. 1 13.1 17.9 15.7
NF 4 14.2 36.2 75.9 12.3 15.7 14.8

MR 2AUER, HBENRRLGYHEEIFIRMRMEE > TROBATER. FRAR.
FEAR. XM FEEROBEEYXTHERANEBYEER. Hd, —CH,, —NH,, —OH,
—OCH, ¥t FAE, LB EYERF LB T ATEMEM. W —NO, NREH FREA, —
NO, R AESS, X HF LR RA BB T FHFBL MR B FIPEYA, FEFLHETZHEKX
HREL. R, —Cl 5SEFEEMER, BTRRTFRORETERRY, AEXF LB TEHE
MK, Xt TFREHA RBEHORERORY, BalFERREKABAIYMEENRZ - $HF L
BT = FEMNEMERAERENBAYRENBEHREAER, AEXTHER. AR—COOH &
REEFEA, B TEEEFROMELEEHMEDFENORER, RERRAFTREES, SEXE
M AR EARE, OREEPROEERBRE.

2.3 PIERERN R T

M3 1A, NFOO EpyfLAe ik )y, NF270 0 NF B fLAR BAC AR, 7E 4038 B4R BE 30 /AL SR
VEWET, NFOO Rffirel & B, H Kk NF270 B, NF B &ML @ CHEM3DS. 0 B+ it
g, REPEAOBELEYH D T LEH N0 3nm, F1 NFOO BAFLA L, /N T NF270 EF NF
REFLEE.

*fF NF270 A NF BT &, HZRKREFANBREUEYL THERER, BERMHBEEIRH A
BEHEHFIERRS, Mo TFREEABRL, FHZ M BRERGERESNE, 83
BRI B > WAL > XA A, T NFOO L2 SHBFAMELEYN S TEREELEE,
HEXRWAEREHEHERERBEE, WO TABEARL, RoRaEaRERyEs, SHMAN
FREEAB LG, 40 895 [l B BON X B Ry e/, Bk, [RBRGBRAKBREL SR E RN
ABE. NABHERKE, NFOO BN SMBMA LA WHBERYHER T NF270 A NF E, X3
SRH, LR, ARBRERAERBRBEY BB REKX.

MATEFTRME LB, NF270 B RBEE S, NFRIYERERBERESE, BR-HEMR
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AR, HRABSEREZFAK, RUAXWMHENBEYRBEEROZMAKR, ETEMABEBRGLE
R EA K.
2.4 EEHHPER

L2l MBS S B FOhREA, @i ChemOffice2004 HFIHH HMER KRR T AFEFM/
KOBRER. o FHHERK. MBEER. BRE. R, @RTHREEGRE. 2 TR. 2F
KEURSG FEREBRFENR 19 Mo TEHUSE, BdaEEES MR/ _R%E (GA-PLS)
B, ARBH=MAEENKIBELEYNERESSTHASHEZEANXRATE. BAREYD
RIPR, P2 o TERSHHCLImERLE, FHik, HARKMEMHER KR, EAT LR
FrXt B2 FEHMS B BMEARIMBEERMEHALR. WNHXAK LR, @i CA-PLS kB U KE
BHMXRAEMELESAREN.

=3 GA-PLSHER
Table 3 The models of GA-PLS

PRI [l A HXERK
NF90 & R =74.8238 - 1.7206(1gP) -7.4818(u) -9.4507(pK,) +9.1923(*y}.) 0. 7599
NF270 & R =36.23814.9764 (u) -24.4537(pK,) -3.2251(x;) +11.8428(%y}) 0. 8892
NF - i R=35.8762 ~4.7245(u) -24.6242(pK,) -3.7931(°y}) +11.6956 (°x?) 0. 8904

X NFOO Ji, AN SRBEABE, SR HFR/ KIEARC P, BHRE L. BRME %K pK,
FIVU B B A2/ #E A TR B4R SK k.. *F NF270 S0 NF B, HRFEHESSHBEARR, 25008
WM. BREER K, . ARBESTEEERE Y, IZMES FEEEEE Y. BEAEROEH
BMELESYHIFEMSHRLE 4.

T4 EAEVNHKFTHEEEYH

Table 4 The molecular structure parameters selected in models

[:2=2 x-x] ClgP u Pk, “Xbe N X'
1 . 1.475 1.142 9.99 0. 0861 0.0745 0.2421
2 4 R 1.924 1. 398 10. 26 0. 3703 0. 2089 0.3167
3 [ 5P B 1.974 1.410 10 0.2599 0.2412 0. 3059
4 X I B 1.974 1.227 10.26 0.2785 0.2412 0. 3805
5 SAER 0. 144 2.261 9.28 0. 2453 0. 1479 0.2729
6 Xt SR 0. 248 1.739 8.5 0.1972 0. 1708 0. 3083
7 1 0.878 1.939 9.356 0.2068 0. 1291 0. 2594
8 )% — By 0. 808 1.778 9. 44 0. 1606 0. 1491 0. 2527
9 NE_E 0.808 2.219 9.91 0.1721 0. 1491 0. 2861
10 2,3- "R 2.373 1. 660 10.5 0.7592 0.3339 0. 3705
11 P H KR 1.324 1. 626 9.99 0.2542 0.1235 0. 3287
12 bulisE -8 9. 1.574 1. 968 10.2 0.2327 0. 1426 0. 3475
13 bog-A] 2. 485 1.394 9,43 0. 3040 0.2632 0. 4030
14 MBEERR 2.187 2. 088 2.980 0.3333 0.1824 0.3417
15 EEEXHE 1.557 1.764 4.076 0.2941 0.2035 0.3622
16 WHEEEPR 1.557 1.956 4.582 0. 3063 0.2035 0. 3664
17 AR 1. 854 5.971 7.222 0. 2800 0.1575 0. 3152
18 it il 2 B 1.854 5.566 7.15 0.2595 0.1766 0.3350
19 1-Z%/ 2. 649 0.903 9.3 0.4918 0.220! 0.7819
20 2-2H 2. 649 0. 872 9.57 0. 4588 0.2412 0. 8006
21 T EER 3.301 1.226 10.23 0.7619 1. 4078 0. 4692
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EAERP BRI AYBRAREWRANSEI N pK,. TAX FEFEHEHEKRE, B
pK, /N, AAMTRAREA. MRABRET ok, HA/), ZTVUYHEOBREASR, NAEKERTHE
FHWRERK BTFHEBREAGE, BEEFERERE TREETE, ARIMAMEE. WE
ATUEN, BREFRELSYNBERBME, B/ W pk, ERSHASHIRNEERHA.

SABBPEEATERE o, BERERD, SEMNTRERMA. EREERES FaMR
MEESH, BREAK, SFHREARE. EREMBEEMERT AL HRRIMERY . &
FHAKS, HESHEATRGTHRBATHERLSEEE. XHBHTHARESH, HENGEIT%
MBS EE, ITFREBHNST, IHBSHH MERLN. BHERAELBHIEEES M A S
Mg, —BATFHATIERNL, ReeAEB. Fik, BREAK, REAR, BEERBE
Bw/N. TE21 MEBEYFET, SFHENEERRRERYMR/), THEROERESHESFMAL
Bk, HEROEEXTRE RO DEEEEW

MBEREWRANSEEA 4 TEEEER. X NFOO 8, B AEERME Y B8, B%ER
MM AMBE RN REAERAER. ZEFESTERRRENRE . RS, RAEKE, B
HEFHFMELEFEOFE —BRE, BREASRE, Y BERAKX. X NF270 B NF &,
RE BB EARR, B BEROEMA T 0Em, RS54 TPoXKES
*k. 7E2A MBEYFEF, 2 HEMSTFHARRERERE, IRTEBSFRIXHERZE,
B B o 2 T B o A RS B K, SR AN B R XX PR Y K R R B R R

MEAMBGSHATIAEY, ANEREIEHAENYHIES, PHBREENERTIEQERE
REFE LY 8 ) vk /R L A L 5 T 454
3 %ig

(1) ZFMIEE BRIV EERYZIREM B M. X NF270 R NF BHE, &
B RMAFN/ W R ARAL > [ > 6t r; %I NFOO BT &, #REE R N4BAL > M.

(2) R TFRAREERF LRTFEHERN, EHABMRCEYRERNEY; RATFRAKE
FEXEF LR THmEEND, AR DBELSYRERGBE.

(3) A2/, HRBROABENBELSYHREELEL.

(4) ENEFREBHRMMBE/DFRETE (CA-PLS) XIBARL&WTEMIER L 08 & RFET
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Byl B R Y, .

2 ® X W

(1] 3kfh, TER, HERS, \PHESHEBENOEBEALEMNMA. FELE, 1998, 17 (4) : 399—403

[2] Alborzfar M, Jonsson G, Gron C, Removal of Natural Organic Matter from Two Types of Humic Ground Waters by Nanofiltration. Water
Research, 1998, 32 (10) : 2983—2994

[3] Visvanathan C, Bowo Djoko Marsono, Bsiwadeep Basu, Removal of THMP by Nanofiltration: Effects of Interference Parameters. Water
Research, 1998, 32 (12) : 3527—3538

[4] Orecki A, Tornaszewska M, Karakulski K et al. , Surface Water Treatment by the Nanofiltration Method. Desalination, 2004, 162: 47-—54

[5] Ozaki H, Li H F, Rejection of Organic Compounds by Ultra — low Pressure Reverse Osmosis Membrane. Water Research, 2002, 36:
123—130

[ 6] Schutte F C, The Rejection of Specific Organic Compounds by Reverse Osmosis Membranes. Desalination, 2003, 158: 285—294

[7] AgensonK O, OhJ, Urase T, Retention of a Wide Variety of Organic Pollutants by Different Nanofiltration/Reverse Osmosis Membranes:
Controlling Parameters of Process. Journal of Membrane Science, 2003, 225: 91—103

[8] Amy G, Cho J, Interactions between Natural Organic Matter ( NOM) and Membranes: Rejection and Fouling. Water Science and Technol-
ogy, 1999, 40 (9) : 131—139

[9] Van der Bruggen B, Schaep J, Wilms D et al. , Influence of Molecular Size, Polarity and Charge on the Retension of Organic Molecules
by Nanofiltration. Journal of Membrane Science, 1999, 156: 29—41

[10] E&E4E, XER, #FTEEESHFEH-EE. L5 PEREN S B R, 1992, 141159




418 % b} it

+E

2%

EFFECTS OF MOLECULAR STRUCTURES OF PHENOLS AND
PROPERTIES OF NANOFILTRATION MEMBRANES ON REJECTION

LI Xin-wei ZHU Wan-peng ZHU An-na

( Department of Environmental Science and Engineering, Tsinghua University, Beijing, 100084 )

ABSTRACT

The rejections of 21 phenols by three nanofiliration membranes were tested by experiments, and the
results showed that the rejections were affected by the positions and kinds of substituents and properties of
nanofiltration membranes; the order for NF270 and NF membranes was ortho- > meta- > para-, and for NF90
membrane it was ortho- > para-; electron-donating substituents had the trend that increased the rejection, while
electron-withdrawing substituents had the trend that decreased the rejection; the membrane which had smaller
pore radius and more charges had a higher rejection. Quantitative structure-property relationships were devel-
oped by PLS combined with genetic algorithm. Based on the regression equations, pK, was the premier factor
impacting on rejection, and other factors such as dipole moment were also important.

Keywords: nanofiliration membranes, phenols, quantitative structure-property relationships.
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