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PAM B e R EUK pH X I8 i 0 06l K% 75 e m] 3 PR 2 B S2 R, R 255 I R AR A AR 5 IS e i RE G,
— RS T IS R A LI . S5, PAM BN E XN R MBS . IR ACRE TS QR R 3, H
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1 #MRl5E%

1.1 KBEMH

BLUKEE . DLE g £ (Si0, 46%, ALO, 39%, 4rHral). JEFEmR (HA, fh2Fal) M 4 iR e e
(KSbOC,H,04°1/2H,0 =99%, 43 Hr4li) 43 5 AE A oK b o ks . RAR A ML A 4 s 15 2 o AR
. 5K E LK R, HEZKET S JE R (100+£1) NTU, UV, A (0.200+0.005)
em ', Sb* A 50 pgL7'

b 2F R TR BE R R B R 2k (PFS, AHXT 2 N 1.45, 2 dral), BhBER N BN I BE
(PAM, FHEFH, 7T Bt~ 8 000~15 000 kDa, 43Afr4l), AR 4lsK 7 5 B il o o f ik B 5.0 g L
(LA PFS 1) 1 1.0 g L7'(Lh PAM 1) MW G BN SRR A&V 1L ah (320 43 B4l ) FH LA JE A
UK BE R pH; 38 0k 16 F KL A2 R 75~106 um B9 3R00D o 48 38 Al 2R f 96 £ Js (PVDF) - H it g
JEE, Y43 it 4 100 kDa.

1.2 MEEER-BIESLE

KR EE S FE (TA6-2, BT TP RN LS5, KR GHANEM 250 48 H i /it
7 FUCE TR (G) Jeta], B e S m KA R 4 IR &858 PES, I LA 536 rrmin (G, = 600 s7') PR ik
BEFE 1 min, TG BOMBHEER PAM, ZKZtRPE 10s, 32 TR G URL,  LUAH IR A 5 s FEE 10 s,
5 P 258 rmin™'(G, = 200 s7') fiE FF 2 min 58 UM AR Z R R . R R L B I Y, BhBE
F PAM# 0, 02, 03, 0.5, 0.6, 1.0mg L' #&n, BIHUKEE pHATHHZE 4, 5. 6. 7. 8. 9. F&
PN EZ A, HAb @ N B E L 4 k. PFS I 30 mg-L™', PAM A 0.3 mg-L™,
bR 3g L', pH N7,

ABYE IR H T RGN E 1R . B R R [E PAM FN A pH 410 T 20 0 4% 22 B AL FR S 1)
IKBERE B 2 %547 PVDF ~F- M B A9 88 3§ AR (MSC300, b isEEE ) v, I il ZU/HRBE IR 3 ) (PR3 K
0.10 MPa), /K Fis 5 1 KF (NVL511B,

M UBE) AL VS HLIEAT S e, i [ A A -

S e R i (J,, Horh VR i U S EE KR
fy SO PR, A R 5 3 4 J r- T b
W1, A& K koAt 9 200 mL 8 4l K FN 240 T e R
mL fNE B EEKHE, IFFER 1 ARG R 53 U o —
AT R UEAR R | S B4 3 2 per
55 B A T 4R 3 3 min, X IF % o H mESmRE

B . Fig. 1 Ultrafiltration experimental set-up
AR T pye, DL R BRAE TS 48 .
1.3 SHhAEE

IR AR OWARAE : R FBE R AR T BIRLAR A0 T 40k RIE MR Z R L, ZHRHA
J7 1 R SCHR P 8 5 ik A8 Bl E A 4 BT AR (2SS90, B [ AR S0) 43 ) s 2L AR & 8 in PES A
PAM J& VU B R R B B BE Y Zeta HL V(A o

JE Y5 e PR . R U8 A R v TS YR R R EL e (U, B A DR 2R KRR R AR VR AR Ak Bk
Fe W s FAE RS 5 n] 300 Pk A 48 AR G A5 AT T5 B (Repy) v A ATIET5 B (R ) FUETS B (Ry),
¥y oy fE e = (1)~ (3) SKARE,




555 1 RS . IR K pHABF-UF T 2 55 YL (54 1569

R”JAJ‘E:(JW_JC)/JO (1)
R = (Jo=Ju) /] @)
Ry = Repys + R (€)
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VeI By gliKE &, L-(m>h) .

7% 00 K K 43 50 SR F sk A (SGZ-200AS, i F) . 4] WA 66 it (U-3900, H A
H ). B F 96061 (AFS-9700, b 5t i o't ) W 2 him 48 28 68 fe K AF L 10 IS 08 0 K o 32
UV, F1 SO i, FH LA BI IS e ML 0 45 3)
2 #BR512
2.1 PAMEINE K pH X BB IR 5 S0

DPAM il £ K pH X 25 6 38 J& 1A P4 6 Ll o A8 Ab 04 52 M R4 o B & 7 (PAM) $ & 1 5K
pH Z&F ML EE- 4l & T 2R M5 e B 3, nT R BSE L3l Bl Ao 108 22 R /KRR AR BRI A2 b ok 3=
N, BERWE 2 PR o AT — PAM B0 X N 8 B AT AR v, 25 R P B Ll R R R
IF H 283 7K Wk 5 T — JE 0 REE L 38 5t 9 00 46 (i 0 R s {8t AR T 10— JE BT A AR B E (B 2(a)); 5 LT
BF, 575 1 TR DT A REE L 3l T A R (B[] — ) A0 P BB L3l R R S IR AR R Z L) B KT
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Fig. 2 Effects of PAM dosage and raw-water pH on membrane flux variation
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T 2(d))e FUBERTIL, BEE S EAUEAT,  FR WL BRI 2E 45 5 i BRRAS ] 0t B ¥ e 0 2 % 7 i

2) PAM $ i 2% Jin 48 2L e -1 UE A1 T 2 MR DEME BE S TS YL e AR . IR 2(a) FRZE AR 2(c)
A, MR EE Y BT PAM 30 X i D e R 45 S U 1 R g B L 3 e R B LY R B R
WA BELW ., 76 PAMBINE M 0mg L' 2 03 mg- L' By B, 7l — & 309 % 2K i i L 18 %
Wik, il 0.682 138 3 0.894 3(3K 1 JE3]). 1 0.600 7 38 & 0.864 4(5F 2 JEI) . H 0.584 6 3 &
0.819 1(55 3 J&I M), i M€ LUl o T Bk R R B, HErb 5 10 2 0 3 JRLDI (% AH WA 43 50/ T 66.74%
59.61%. 72.81%; WJ&, BEEBIGERIEAARZSIE N, 2 MR IEE 2 EHS 0~0.3 mg- L™ N AN
GpAE B, RIVTR]— JE T 0 B LUl e R SR T R IER 5 A B A R i A L e RS W

it — 2R 5E PAM B X R B S gL sz, 1B 3(a) 4t T A (D)~ Q) iR R ig
3N A Z 5 BB Qe o Y BYBERI BB 7E 0~0.3 mg- L™ PIBG I, A A 536 35 YL {8 A1 A s e
B T T 46.82% 1 66.05%, FFAE 0.3 mg L' i —F W EE B/ME; H4ks8 K PAMB IN&E &
1LOmg- L™, ik 2475 Y48 ks bk PAM & 0 0.3 mg L™ B 43 5384 i 7 1.30 1% A1 1.59 1% . &
SR, VR N AR L R & P NS B 09 PAM(0.3 mg L"), A REA Ak 55 8 1 B B AT T Y
MEENEA, MAERNRNEANRSRS L, WAR TG EIERGPUE Jeae ) . HIERE
&, AN[E PAM $in s B2 18 S8 UF 2 1 S5 4 22 O S, 0P RS a g v e R B Y e R B S e A A
pNIUR-A TN

3) JEK pH X N4k 2 - 4L A T2 g M e KBRS YL G R AR AR . FE pH R 4 3N E 7
AR, BB 1L 2 R0 3 JE I R s R EL 4 5 0.810 7. 0.760 3. 0.707 5 HE i 3 0.894 3. 0.864 4,
0.819 1, ZELIEEE4 N 1031% ., 13.70% . 15.78% (& 2(b)), 1M [F]— J& 3 P JBE HE 2 T A 3 A Tk
BT 44.16% . 70.04% . 70.60%(E 2(d)). XK, FHE TRRMEERIAE, T8R4 EA R TR
o A BB L e DL R S R M LG E B R R, DLRT RS e R R R . R A5 R WA AT B
3(b)y 45, BIJE/K pH fh 4 3 2 7 B8F, 0] 36095 YLl F1 805 G il 43 5 B 0.208 9 Jili /)N % 0.089 3. Ho
0.239 7 WHi/NZE 0.135 6, [l E A 57.28% 1 43.45%, 3% 18 B EEAS AT 306 35 e F0 T G ¥ 45 314 508 3
il o FEDRBEE S (PH 2 8 F19) T, VA4S 45 JR] 4T i) oA v FSE L 3l i K 22 500w &5 T pH oy 7 B[] — ]
WA (B 2(b)), (EAE LG JE 0 P9 B LU 3@ ot T R R B pH Ry 38 R 2 B0 puta 2 (18 2(d)), IF HEER
AR pH WS I A4 A T 30 35 e (MR TS B AE 80 (18] 3(b))o M3 et 742 A S 35 G ] 396 1 ) £ 8 25
B g, PR T IR S, R SRR A R R AR A, X5 3 E U FE AR 5Y pH X
& Ge b2 2R BB IR A A T 25 A S G 52 i s i 745 2] 1) 9 28598 AR — B

BRI s YefH OLIBURET SN -l BRI s YefH ARG A
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SN\
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Fig. 3 Effects of PAM dosage and raw-water pH on membrane fouling reversibility
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AN H 5 PAM i . J5 K pH 43 5% 0 2k 22 BE AR R 1 Zeta HL A A8 6 DL R TR 2 AR 1 -1
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Fig. 4 Effect of PAM dosage on ballasted floc characteristics
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Fig. 5 Effect of raw-water pH on ballasted floc characteristics

&l 4(a) AT, W) pH S 7 B L E K FP B0 30 mg-L™" PFS J&, Zeta HL AV B 9K LU 886 TR BE 57 1y
) (-21.9320.87) mV(IF : El RS ) AT T 0 mV, [H BB i A0 3 £ 447 52 o B v O 3 T 8 opr
“A N PFS J5 71 Zeta HULAL), 515 PAM & 43 14 b 9 B B 7~ ik 1T & A4 i el R B/ T TS, (2 m
R BER Z b U URCER PR 5 AT B 3R T A T 45 88 1) RO R 75 FH 28 1~ B PAML B ZEATRAE TR A
W A R REAR R I N2 224 . 455 18] 4(b) 7R (1 PAM BN X% 22K T8 25 288000 52 il 14— 25 43 it
AR, RECIN BYEE SO/ (0.2 mg L) BF, AL TR R A B AN, T
HOH X ol 22 M RO JORE 1) 47T 2K RE 7 R AED) A5 55, 3 LB BOR B (7 ki A fie KB
0.26 mm); 4§ PAM 1S £ 0.3~0.5 mg- L™ I, 7K Hb {5 35 48 22 (0 W B2 A7 R A iU 2 Ok AR
FIRY A, OIS PR A2 3k 0.85 mm 7247 5 (HAA AR SEHT 4% i (0.6 mg-L™' F1 1.0 mg-L™"), 2x5{f
FARBE RS, HESMIT IR R B miAs . R AT JE . 76 PFS, PAM FIRLD =2 $0hn He 5l A
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P RMEIE T, a8 0 43 B B8 00 A 2 ol s o B B o 8 22 (AR Pl A i R, 8 4 T K i
e BT R A S R A JOURE 2 AL S A L MR R, BT IR TR B b SR i KRR, F 3
TNZR LA B R Y /N 1)

AHEE T PAM i, UK pH X258 2288 [ BEAR TR 21 Zeta #1057 B9 52 00 B 4 BH 2. (1] 5(a)). 7€
BRVE 2 F (pH = 4~6) T, IR EEF] PES J5 #Y Zeta 07 f1 B 8L /K FE f8 (—15.27+0.76) mV (&l R 25
W) TG AN IEAA, RIJE AT R IE BT I E AR, ZEINA 0.3 mg' L' PAM J&, KR Zeta HL {7 4k 2L 1R
FEIEAE , (L R/INBE & pH 0938 2 8w/ 5 A6 b BOm st 45 10 T, BEIUKFE (1Y Zeta HE AV 7E
(—22.44£0.75) mV B L35 5l , 7EH00 PFS. PAM Ji LA K 2R s B BERY Zeta HLAZARY AT E, JFH.
H A XHEREE pH (38 A Frig K.t & 5(b) AT, JRIK pH 78 4~9 BRIt ik 244k 071
Wi A% SR 5 BRI R e, IR AR S 2 MR, B RS EELE pH o 7 B ik E
WA, BEEt AR K S MRS R AR B R . A R B R E B R T UK pH e E B TR
I PFS 1 Bl #8577 PAM A 7K fff 7= 49 B 3 10 W Aup o 08 170 X6 o % 28 PR Rl e R g R U1 8 D
pH 7E 4~7 IF B W G I, PES K fi# 7 W) Fe (OH), 35 IE M 2 5 B T i i 2, H Iy PAM 57>
TFHEAFROE RS IR FE R MR, AR T 5 &8 ER &, (045 pH>7, PFS 1K™
VL TG % B 9 Fe(OH), Ml L B fif 1 Fe (OH), A EEAFTEIE X, If H PAM 7E M55 R T 25 4 R
FET T B L B S e B T R, TR IR K e A e AR 2 B R, A S R e AR K
K, SOMT i 26 22 Rk a1 VR RS i e R S A A R X 55 L T BEL A 2R AR R R

R T HE— 25 AT A ZL R Y A ) U TS e i S N, PRGBS 3 R it B L R 43 S S5
IR YR 42 . ARG T R RIS, S5 NE 6 iR, AP R, Bk AR .
SN R A O L 2 B /N A0 T AR K0, R DR AR T R D)2 0 25 8] 25 4 BT R T R R TS
X3 TG b 2 2R B - 4 G T 20A0 E 09 AH 06 ¢ R AUHE 48 22 RS- 4R8N T 0.75 mm, 73 TB
HeRR T 135 BElar, LA R 4000 0.714 5(1&] 6(a)) FiT 0.840 7(1& 6(b)). SR, XF T FHkifsk
F0.75 mm. SHTEAERCUNT 1.35 BUINERELIR, AR v 5 bL 3l 1 5 7 SBPR AR 22 R HAF AR 2 i 38 1) Bk oG
PE (R* = 0.966 9)(I& 6(a)), I HFEHE 7 TE 400k /)N, Ao B bb il 2 52 F Bk 35 (16 6(b)), P BLi
HRLAR K L 45 R 2558 Ay A8 B ) 45 3R A A 8 2 1T TV i 1) D8 0 U2 9 R B AT AU R A Mo g, X I A 35 /N
Y A o JBE LG 3E £ o 455 TR 4(b) FET 5(b) AT DL, P 34PREAR KT 0.75 mm DL KA IE 4R B0 T 1.35 B9
AR FZRAE PAM BN H 0.3~1.0 mg L' (W e A8 Bh&E ) &) 2514 T2 iy, RO & 04 Bl B ) 4t
JE RN E R B AR R B H R R R 3R R R . X T R P T B R 1 R T HE AR AR
IR DF 2 R 25 R RRAE T e 48 M R T YL BE 00 55 5 145 S S S0 OO R AT IE L 2.3 T19).
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Fig. 6 Linear relationship between membrane specific flux in terminal and ballasted floc morphological parameters
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A TR YA i DA K 4532 17 B BE G 5 5
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& 8 Al A, 76 PAM N 4 0.3 mgL!
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Fig. 7 Schematic of membrane fouling during combined

process of BF and UF
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Fig. 8 Comparison of water purification efficiency at different PAM dosages and raw-water pHs
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Effects of coagulant-aid dosage and solution pH on membrane fouling during
ballasted flocculation and ultrafiltration process
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Abstract During a combined water-purification process of ballasted flocculation (BF) and ultrafiltration (UF),
the effects of polyacrylamide (PAM, as coagulant aid) dosage and raw-water pH on both ultrafiltration
membrane flux decline and fouling reversibility were systematically investigated. Then, the generation
mechanism of membrane fouling was explored according to relevance analysis of ballasted floc morphological
characteristics and resultant fouling. The results showed that the PAM dosage had a significant effect on
ballasted floc morphology, membrane filtration efficiency and fouling properties; and especially, negative
influence would occur at PAM dosages both lower and higher than 0.3 mg-L™'. Membrane fouling occurring at
neutral pH of raw water was lighter than that at alkaline pHs, while the heaviest membrane fouling occurred at
all acidic pH values, possibly due to distinct electrostatic interactions between ultrafiltration membrane itself and
cake layer formed on membrane surface. For ballasted flocs with average size larger than 0.75 mm and fractal
dimension lower than 1.35, cake layer formed from these flocs with larger and more loosely-structure failed to
effectively alleviate membrane fouling. From a perspective of optimal operation, it is key for weakening
membrane fouling and producing stable purified-water quality to reduce concentrations of dissolved pollutant
and non-captured micro-sand particle, as well as percentage of non-ballasted floc, in treated water by ballasted
flocculation.

Keywords  ballasted flocculation; ultrafiltration; floc morphology; cationic polyacrylamide;, membrane
fouling
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