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Effects and Mechanism on Removing Organics and Reduction of Membrane
Fouling Using Granular Macro-Porous Anion Exchange Resin in Drinking Water

Treatment

HE Huan', DONG Bing-zhi*, XU Guang-hong', YAN Zhao-hui’

(1. School of Environmental Science and Engineering, Tongji University, Shanghai 200092 ,China; 2. Key Laboratory of Yangize River
Water Environment, Ministry of Education, Tongji University, Shanghai 200092, China; 3. Dow Chemical ( China) Company Limited,
Shanghai 201203, China)

Abstract: A granular macro-porous anion exchange resin combined with coagulation was used as pretreatment of microfiltration
membrane, and their effects and mechanism on removing organics and reduction of membrane fouling were evaluated. The results
showed that resin could be effective in removing organics with medium and small molecular weight (M) but ineffective in removing
organics with large M, while couagulation could significantly remove organics with large M , with a limited removal for organics with
medium and small M. Using resin alone as pretreatment could be effective in removal of organics but limited in reduction of membrane
fouling. With combination of coagulation and resin as pretreatment of microfiltration, not only organics could be removed effectively,
but also membrane fouling could be reduced.

Key words : drinking water treatment; granular macro-porous anion resin; microfiltration membrane ; fouling; coagulation
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Tablel Resin parameters of PW16 and PWA9
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LR KALAY

ARG RLW-Z IR IR Y
T REIEA T I A

BTE Cl~,0H"

HME {37 0L
BASHR A eq - 17! =0.7 =0.8
TR % 70 ~82 66 ~72
R R ES 100 ~500 nm
B/ mm (. 2 BT <5% ; 0.3~1.18

1.2 BLE <3%) (0.355 AR <1%)

AR /g L 689 700
S e i RS/ °C 60(OH ™ ),100(Cl™) 40

1.3 ideE
1.3.1 AR g e

R B A5 R0 R FH IR AT TR X, 2 B an &) 1
Fiin. W BRI AT [ R b BRI 2.3
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JHEJE ISR 28 b A 15 38 B i i 25 DA B R B T Tk
K GEARE R E R R OIRHA  RE I —
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Fig. 1 Schematics of experimental apparatus

for resin dynamic adsorption
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Fig. 2 Schematics of experimental apparatus for

the microfiltration step
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Table 2 Water quality objectives of the raw waters (SW and TW)

JEIK MHEE/NTU AR R R B/ meg - 1! DOC/mg-1.~! UV, /em ™! SUVA/L-(mg-m) ~!
KKk 38.8 3.91 8.56 4.134 0. 099 2.39
=K 5.30 3.23 8.40 6. 005 0. 080 1.33
1.3.4 IREBEVIVE RN JER R g K B BL e BE ARG, HLRER o —

TRBE R R R A & AR, 85 30 mg- L™
(LA ALO, & RTE). 755 L B RBEMETMA 4
L JEK B EE IS LA 500 remin ™' A5G S 1
min, 7R J5 24 200 remin ' BYFEEDEEE 10 min, F-LL 50
remin ' YEEHEREFE 10 min, 5 UTHE 30 min, B
TR VBCIEA T80 I TR 5 451X

2 SRS

2.1 A[FEIRAR 2 BRA DL AN G2 A RS TS L A5 CR
L3 AT LA H, PARAR B HS K B 55 = T %
THOLIFTO A i 22 5 I & T R B L LT- 584
A XK RS IE B Rt e mT i, IR AR B 2
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Fig. 3 Flux decline during microfiltration of SW and effluents
from the two resins (PW16 and PWA9, 0-10 h)

#3 FRRIEE (PW16 f1 PWAY) FRGRIEXS = 3735 F K BHMEI ZBRFR (0 ~ 10 h)
Table 3 Removal efficiency of the two resins (PW16 and PWA9) and the microfiltration membrane for organic in SW (0-10 h)

5K FAT IR RSB/ mg - L ! DOC/mg-L"! UV, /cm ™!

PW16 PWA9 Ve PW16 PWA9 JFK PW16 PWA9 Ve
PR 1.132 1. 206 3.077 1.925 2.084 5.334 0.012 0.016 0.073
&) 0. 985 1.077 2.749 1.623 1. 654 4.807 0. 008 0.011 0. 067
NG ZBRRD /% 63.20 60. 80 — 63.92 60. 93 — 83.56 78.08 —
EEBRRD /% 4. 80 4.20 10. 67 5.65 8.06 9.89 5.48 6.85 8.22
REBRE/ % 68. 00 65. 00 — 69.57 68.99 — 89. 04 84.93 —

1) PR ERRY IR S TR EAR DI B ERE

2.2 ESLEh SRR TS B DL B WL AN 2 i TS
YRR
2.2.1 JE T RGO

HT T PR i XA LA 4 2 BRACRAG , (3
FHHrh—FP R PWA9 R 75 58 14 2 5 25 W B 7Y 175
UL TR IRTIAL BREE M 5 eI RCR . [ 4 D92k 5)
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Fig. 4 Flux decline during microfiltration of SW and
resin PWA9 effluent (0-30 h)
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Fig. 5 Removal efficiency of resin PWA9 and microfiltration

for organic matters in SW (0-100 h)

AR AL, F BT AT 32 B A 5 WSO B 1 S B
KAWL R TR 8] AR X 50T T i 4 AR A 2. 64
x10° ~2. 16 x 10% , /Ny, B AR S 50 I 48
55, {2 TOC Ay 107 58 51, vl B & A0 38 28 ok bk
HORERTIRY/L s}

HIE 6 (a)Ff16(b) AT FERPIAY O ~ 10 h, 4
BEXT A 731 TOC LBRBCRIAEH W.3E , X/ F
(1) TOC FBRECR RAF XK A —E B L
B s T2 b BG4 53 T 82 DX R UV s, M N7 558
FEY R N, JeH R TR AR50 UV 5, W W JLF 58
K. XRYBAE T S T LR & A s
AN ZL /N A AL, 0 5 R 2 B /Ny
TREAR T, X R A3 F A HL R 58 AR /)N
AN RBRECR IR Z.

HE6 (c)M6(d)AIALFEZFH 10 ~20 h, ffi
B IEKATEE N, BEREXT & A B TOC £
BRECRAMRR B3, X KA 719 TOC L BRA T TR,
XS /NG F-19 TOC 2 BRACR B AR 2% | K /Ny
T TOC 2L T JHIK s WM UV, R K F B i
WK H R A1 UV, M REATSSRAR DL 5E 4 B, /N
I3 FHY UV, WS FT O ~ 10 h A FL I A B4, {4753
T HK.



1828 ®oom B ¥ 35 %
0.030 0.005
——M-10 = = PWA9-10 =510, 4~ (b)0-10h UVasy #f{ N
<L (a) 0~10 h TOC
0.025 1= o010 ! 0.004
0020 |- 00008 | 0 )
T 0.0006 |- SIS ‘= 0.003
£ / £
2 0.015 | 0.0004 | =t Z
g 4
IS 0.0002 | r A Z 0.002
= 0010 | R L
10000000 1000 000 100000 0.001
0.005 |- '
|
0 et = 0
10000000 1000000 100000 10000 1000 100 100000 10 000 1000 100
0.08 0.005
(c) 10~20 h TOC (d) 10-20 h UVisy
0.07 |
0.0010 0.004 L
0.06 10,0008
_ 0.5 [-0.0006 = 0.003
i3 4 | 0:0004 g
g 00400002 Ry
9003 | 2 0.002 |
2 0.0 0
= 10000000
0.02 -
0.001
0.01 |-
0 - . 0 :
10000000 1000000 100000 10000 1000 100 100000 10 000 1000 100
LES B RS FHAF 43 R A

& 6

ZEFIBIRIK . PWA9 BIBE H /K AR AR K 94834 5 FRE 527 (0 ~20 h)

Fig. 6 The M, distribution of SW, resin PWA9 effluent and microfiltration effluent (0-20 h)

EG MR A BRRERE , PWA9 N A K AL
WA , HoE B FLAR L FEIFE 100 ~ 500 nm , 1fij /K AP k43
FAEO. 1 ~1.0 wm Af7, FEH RN M ag kA
FLIB R F AL A B, B IR 2 BR AR — .
X T RefeHE ASLIE R N ALY, AR 3
BLim A W B 22 A 2 bR 2. PWA9 Sk BH S AR
&, IS4 B 7 L H OH ~ | T 7K A I 2% 1 A
IEHLAT 5 T UV, RAEMA ML & & 52 5 5 Ak
KfffE R AT, T EERAER, B h&aﬂﬁﬂa
Xt UV, K26 WL (B4R 5K G R 2 T B/ ALY
MR I3 /N o3 5 A ALY ) BAT 55 1Y W B 52 # B
F1UEE AN ERAT 0T, B AR A B ) T, O
UV, b BAE UV, ALY, ¥ mT 153 204 800
B s G A B RELR AT | 28 400 57 S Wi R AN v 4 43
T BRI /INGT T B UV, 5 B W I 55 4 op o
Pedse W RS B AER IR B /N3 R UV, JEA L
Py A B8 5 e 1 ok, T B K /Ny T TOC B4,
FL R UK.

A HLIARXS 53 B2 125 53 A 143 A A2 AR 5 5]
5 ALY LBRSCR AR A . BIE 2R DOC
(RS BEAL BRI RS2 EAT 52 T Rk 3, IE & th
iR 2Rk W o 5 o B AR g v 8 7N o3 3R UV, KA
PLUZE T UV 5, A B TR AU ik

L6 T IR ) R IR Sl g I K i

/NG TOC I UV, Wi 3 26 LT — B 5 R 7k
HA, TR RIS RS A4 g Ak 38 1 7K b i X o A
PR R, X T KAL), s
Il —E TR R R BRACR (B R A A B #E 1T PR
XFRGTF A WL 00 LB 8ORG AR 25 AR b T
T KA T A ML R BRSO A T3, (H X b 8%
ST EZ KT A LA R E TR, DTN
TG G kAR B AR R T O fuf B i 2 PR A
TR R
2.2.3 =4V

LT (a) BT, JEK B 2¢ S e Ry DX 35 ) A5 oy
T.B. A, C,EHHAXIIEX B XM T XHAmiEE
FZEA P, R F R BR AN, A X sk TRk B HL R 2K
F KLY, Wi 5 YR 22, C X Ik i A R A B,
M 7 588 85 e /N

HH L7 (b) AT, SO0 5 3 B B, % SR K
DI R (AT I 2 BRBORAR 25 AL LB E T
DX B X (K52 (2 5, PR i s A A5 e 119
ML) 32— BN 7 5 55 5 A G ]
(4 .

FH I 7 () T, AR X 2 1 i ML A 1R
WA BRACR, X 5 R 6 A i mT AE H A R 2 bR

UV, BE WA ZE RV
BT (d) 2B, SR8 R it g g T Ak B 1)+ 7K



54 AT ORLIR I FL B I 25 BRAT LA LA S A F 75 e B R S AL 1829

400

300

250
350

200
£ ;
£ 300 150
Ly

100
250 .

50
200 e — 0

200 250 300 350 400 450 500 550

400 : 300

250
350 |

200
E
£ 300 150
=

: 100

250 1

50
200 =

200 250 300 350 400 450 500 550
Eyn/nm

400 = 7 . 300
(b) : 250
350 - ' )
200
£ .
< 300 AT s 2 150
= i ( \__ﬁ -
. 100
250 F L g
(':‘ ¥ 50
=280 v
200 | 1 I Ty y © )
200 250 300 350 400 450 500 550
400
350
£ 300
=
250

200 : s
200 250 300 350 400 450 500 550

Fy/nm

(a) UK (b) R B Hd B UK RTIR 1922065 (o) BAETIAL BRIFUK TR I 22 {E(0 ~ 10 h)
(d) THE NS E A i Hh K BT B 22 /B (0 ~ 10 h)
E7 Z3FBREKPNZERARIERE T ZAEIERENZER N RIEEE

Fig. 7 EEMs fluorescence spectra of SW and subtraction EEMs fluorescence spectra of waters before and after each process

ik, EBRAA PR T T XA B XK. 454
&l 6 B HLAE X 43 BT 6 43 A A2 A AT 0 4% g
KT A EBRBORE 22, KRB i 0 B 19 K 43
TH W R e S 0 I R T 22 B, X it — 25 3B T
XERA B X WL 220 KA B LA LY.
2.3 “IRBEUIVE + RG22 e 555 Y A RCR

IR AR FE AT 0, A BEAE  RBR T N T
HHY AR R TR LA R, REE 2
N RS TRAL B, BT B A R BR RS L
Yy, R T A5 %R A s et 10T SR, TR 25 Bk
N TFAPU I RCR A R, iR T 5 AR I
R BB A T 3, IUANASUA 2% A i 3 W A AL
LB
2.3.1  JEGEE R RSO

FHIREETTIE + BHIE”VEN CA 0.1 pm flJE
IS T B, S b 8 B N Ao 30 A T K | TR T
JE KRR G K i AR 2. gl 8 s,
T FE i 3 e I SRR I R R o A
SR (38 RBP4 w0 5. 3% 24 i ER
BEUTVE /K B, 25 508 1o W1 AR 19 33% , 5 H i
PRI K AR FA W S 52 T 5 (L IR B L0 7K B 1 36
BA A BN HE— 25 B BT, 3 RN 5 TR R 1k FH s ([
3) WA ANIR] 3 22 50 0 J PR AR F SR e AR g 25 B
PR K F A ALY C TR BERT L B5.

1.0 4%
> -8 =PWI6-10 —d— J5K

08 %‘\ --6=--PWA9-10 —0— {LJ7-10

0.6
)
2

04

0.2

0

0 200 400 600 800

Rt it/e

8 RURETIRAMIEK, TSR EFREE(PWA9 1
PWI16) HKHIBEZE (0 ~10 h)
Fig. 8 Flux decline during microfiltration of TW and effluents
from sedimentation, resin PWA9 and PW16 (0-10 h)

2.3.2 AW RBRECR

4 FWIRBEVIE + W IR + BB 4G T
S B T AN R R 1 B BRI A R
TREE, U G , e 22 9 M B 8 ; DOC Fl UV,
FRRCR A R, R AR BE | fe 25 14 0 Bt
UE. NFE 4 BT LIFEN, A8 T 20a IR 6%
BRACR AR5 B, 0] = il TR Eh 18 B0 2B R A 75%
LI, X DOC FIRBRRTE 60% LA L, X UV, BB
BALE80% LU L.

5 FFIH T 0 ~10 h IFBPWA9 BHE + 1k
JEC” A TRBEDTTE + PWAO FHE + S& B XA ML Y



1830 wom B % 354
x4 “REIUE +ME + BURE"EHS TEXKMEKR VI ERZR(0~10 h)
Table 4 Removal efficiency of integrated process “coagulation-sedimentation-resin
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