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CJJ-68 BIZSHRECR 8 bt as (VLI 28 e A i A PR 7)) (SHZ-88 JK i fE il 437 i (1 M1
KA EE) ) . COD B 3l #1{X ( HACH-DR2800, 3 [ ) . Econovel- 09iPDA ( EcoNovel , i [£ ) | Nano-
2890 Zeta HAAL43HTAX (Malvern, 9l (8 558 . UV752 BUEEHP AT WG4 Ot BE T (B RHMUEAX
FRAMRAHE) LCI-12 VR THRHL (AE SRR IR MR R A BRA F)) (pHS-3C BYRRFEETH( IR R R
NCIDE
1.2 S2me 5k
12,1 SRBRE TRy 55 2R 6 i il 4

TERTBIRRIE B 2.5 ¢ FORTERIE M T LB 7oK, 76 55 COKIE % NaOH: &k (i LL) =1:10
GG LI NaOH 35 1% S FE B 1 h, 7531 6% Bl e by v i

S5 SO < SR TR R 90U 15 APV T W pHL (B2 4. 0, SRS TEC R VE M VA O H AU 43. 24 ¢
AL, (S0,) »18H,0 5 4.96 g FeSO,-7H,0, 44 pH {4 3.0,55 C FHEIRIRG & h R0 4 h, 2 20152152
B ERBER.

PURT IR B S5 RN TR R TIRILP BUAR 9 h J5 R E s (= 11 Pa £ 13 Pa) JFIGTR
1,24 h BBk vE s 2R EET.

1.2.2 ZEESFR S R2IRE

(1) B K

DATE A G RL 58 2B D SEBOREfh , FH 2K B oKL 100 mg- L' I SRBEHI gLkl K, HAb2E 5 A
&} ( Chemical Oxygen Demand,COD, )} 109 mg-L ™" W SGREE{E K 7.735( A =583 nm).

(2) ZLBE AN X 2R B R A 5 M)

I LA K, 85 pH (& 11, 0, 43 SIS ) 4 9 52 & 2B 570, PR (150 r-min ") fiif
3 min, OFESPAT Zeta HUAL, P2 (50 romin ™) BFE 10 min, BURESIT Zeta HUAL, 1 30 min J5 005
JGEEF COD, , I Hy iPDA W ASC ] 25 e ) 28 i 7.

(3) pH {ELX 2 BRI L 1) 200

BT LSRR K, P9 AN pH A ARYESE (2) 21058 i S R B0 52 5 2R B0, PR+ 3 min,
IR Zeta HUOL, PRI HE 10 min, JAES)HT Zeta HLAL, #HE 30 min J5 I %€ OB EEFI COD, , JF i
IPDA Wi i) A5 ] 25 i 000 2 e aod L.

(4) ZIRIEEFHEM 5

BT LA K, Y pH (E 2 5 E, B i 52 6 L8R, P 3 min , BURE SR 221ATE
ASHEH TR HE 10 min J5 BORE LS SR IATE S E5H , i 20 min J5 FEIBOURE ISR ST 54544 .

1.3 g5k
1.3.1 BRI EBE ) BCRES iPDA J3 47 ik

75 iPDA SHL KA b 53 B 88 il A vy B B S8 PR 0 9 2288 3 HICIR S 728 4k iPDA ()L A AR
B EAR 3 mm, PO ALK 20 mLemin ™" SRAE H [EE AEAT RORIAE T 2 em A, SRAEVBGE 25 08 [ 5 5
S s v 38 3o UG 20 25 i Al R KRR 2 A IS TERCIN B BE AT S s TR B e Il %, i
IPDA SCGHEATIRAL S I G DN Ak P RURL7E SR A e A v gt 20 0 e i o oy R (L B e, 09T 10 min JF 2 E R {H
I AE , RAEATR BN BRI 2 s, BRAEI ] 1385 .

1.3.2 Zeta LA E B 2T SR IE WLER

Zeta BLAZINE : FHRSWCETEWET T 3 em ZEWZIRK 10 mL 4%, ] Nano-2S90 £ Zeta H (v 73 A S0 5 1
i Zeta HEAV.

ZURTE AR EE : FTR & O T3 b, TS B e AT A8 4544 I BEA.

Ak, >R A HACH-DR2800 [ gl /3 HrAlill i COD (A 5 2k H] pHS-3C YR B2 3+ i i 1 pH {5 2R
F1 UVT752 BUEAM-0] WOGA3 SRR A A 583 nm AL & WG RE , 4 L BRAR N -

PR (%) = A°A_ A x 100%
AP, Ay A5 B AR BRI R RE SR TR AR RO JE
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1.4 SEBFEE
Zeta HLNEINSE 75 MOF-A7 55560, BRI R 3 UORTRFISMEL, PR EfR 25 A 5% , SR BES R AL
PEN R E AT 2 YORFF M.

2 IR 5®

2.1 ZREERIBN X B EEERE A

15 pH =11.0 i, ZLEEFI N EXS R {6 Zeta HL{LAT COD,, [ (4 BEY R R 23 i 01 1 7 2 18 3
IR,

HIPE 1 Al AR AR 26 1F (pH = 11..0) 1, AR B2 BER BEM R ) R 3 5 B A 2R B £
Jei YR ] P U TR ) 1 e AL, B P 8] P S A, R R AR 4 45— 7 W5 18] Y P 5 (L. 39S PR Oy P
2 2B YORE K A A R EE RSB A O T Ao TR AR, AR AR T b B & ) P %
T BRI 8 T A T B S . SR BN B K P, — 0 B 1 B 5 2R T Y
FRFNER S AT KA, 77 A 2R DL T XK > T R4 B T M AL 28 88 1, IX Se 28 B 1 R (819 5T, WS e Y Ak
SRR, RIS, DT R A e 3ol BIL T T W B e, o R P L 5 — A B R
SRR SR E R RESR SR Y 8 0 T K P S AL R B IR 8 i R I A P 5 A S SR SR B 1A
X AP EREIER IR R R AT 1 FHRE S A 207 S M 2 5 AE — 3, PRI PSS SLatE A, T B T 254 S FLB R
TR R BE K MY S AR BURE Y LA R B A B 0 M. A S IR A B2 (150 1 min ) AR AR
(50 remin™") (B VI T, 3Pl 25 B 0 BRI D 45 & (B S5 RS 35 50 T AR, AT 22 81
H R (B REBE ) AR5 £ e (P L. 545 R HE S, PR BUR I SR AT f R DU, B I RIS, 7K A
HA B RS ST (Y 20N AT AP AR T T, R (E T R 55— i
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Fig.1 Relation between iPDA Ratio and flocculant dosage at pH 11.0

Zeta L S W 10K TR0 ot L AAT A9 DR/ MPR 5, O BRBENLBR A ER DR AL [ 2 3R W] T AN [R] 2R
FABIMEXS 2R Zeta HUOZ AN . B 22860 BN R AN, Zeta B L0 AW L TF, I HAE ZREEFI 0
0 0.660 mg - L7 A AR TP 500 5 PR PERIG S PE 1Y Zeta HLAL AR AL MU SR A — B0 1 3 3
W] T ZRBER BB X T COD o AL RERBCR AR Bl 2L EERI UMK, COD LR AFN (R
HIFBU S RS D i R O BB B L 0. 660 mg - L™ i, 25 BR324 i ik B (.

R B A4 2R PR B /N (R S5 RS2 D00 ) DAL 9T 1 2R 56 DX ( 2R BE ML) 1) A [l T 5 B o A T 114
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D45 AR TR A 45 R BE R0 2R 1 SR BEH LR

USRG2I 3 A AR B B, 4 SR S 24 (0. 330 mg- L") LA BB
UL TAT A BRI 77 100 R ) 50 A 5 AR R P 4 2 T , R B o, o 0 5 2 08 22 i 3
WS RAEORFF RGP BPIR S 5 1 PR AR Y Zeta HUAZIT RN — 1.5 Al - 1.9, HAERHEAE 0—3 JEREIA,
SRR B R A A, SR R AR R T, COD, B 0 3 R A I B 25 B AR 2 g o
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Fig.2 Relation between CAFS dosage and Fig.3 Effect of CAFS dosage on the removal

Zeta potential at pH 11.0

2.2 KJA] pH {H AT EEMERERY IR

rate of colour and COD, at pH 11.0

y =R -1 — AN N =
ZUEERF R 0. 330 mg- L™ BFAN[A] pH ELXT R {H Zeta HL{ ,COD,, 5 €8 B 2 B 58 14 5% 1) 43 331 4
K 4 E 5 FIE 6 .
50 pH=3.0 351 pH=5.0 407 pH=7.0
40 F : 20
35 2.5 o
@30l w20 . 25
< 2517 ~ ~ 2.0
20 L5 15+
L5 1.0 10
10 05
e I 054
0 | | | | | | | | | | 1 | 1 | | | 0 | | | | | 1 | |
0 200 400 600 800 1000 1200 1400 1600 0 200 400 600 800 1000 1200 1400 1600 0 200 400 600 800 1000 1200 1400 1600
s} 1] /s s} 1] /s s} 1] /s
6 pH=9.0 71 pH=11.0
6
5
i 4
e
2
=
0 | | | | | | | | 0 | | | | | | | |

0 200 400 600 800 1000 1200 1400 1600

H k] /s

0 200 400 600800 1000 1200 1400 1600
Hif ] /s

4 pHERF R (A ( o =0.330 mg-1.7)
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H [ 4 W] LA i, pH B R WG AE & B 5T 80 B35 0052, R (E X M BLETHE G B B 2 — IR
(A R I HaZ P (B RE pH (B T I35 K, 25 pH (R 11,0 B, R WE{EFT R - fii {5 34 35 2]
K.

] 5 FIrR i Zeta HUAZFE pH {EAR AT ZEF T, P 48 B4 P 1) Zeta FEA AR (LR R AR — B 7E1R
PEFRAFT , Zeta BAAIHERRAE +5 mV Z245, Y pH (BT 7. 0 I, Zeta FFI I T [, JF4E pH = 11.0 [ %
AL An1EL 6 BT, pH (X T HBR SRV VY COD, R0 BE SRR A K. FERRME & T, 2R 5
FIXHE BEAURA L BRACR , RO IS W ) (LR, COD ., 1 K BRACR W AE R 7R B s TR 5%
T, (A EEF COD, 2 BR AT B0 1 8 KR B (38, R 2 76 pH = 11. 0 B, 085 JS B R PR AR £ 5 2]
98.0% ,COD, LR EF] 41.0%.
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Fig.5 Relation between Zeta potential and pH value Fig.6 Effect of pH on the removal rate of COD,
with CAFS dosage of 0.330 mg-L"~' and colour with CAFS dosage of 0.330 mg-L ™'

Zeta WL RAEERAEH], A pH ELAAFT , o5 32 S 107 09 R BEVE I HLHIAS ], i 5 2 BT 4%
TERFR PTG 476 A8 pH <4. 0 I, TS 92 LU BH B TR A7 48 24 pH > 8.0 I, F 48
FEELIRGE P IR AT AE. NSEERAR AT DU 2 pH <8.0 I, S5 S 5 COD, 1 5 BRACR
REAR, PRS2 BRI 2E. [ S FPIE(E Y Zeta RUAEETEI] T MRS T AR HCRHE IE LAY, 15 22 05¢
g R R RR ), (A ZRBER S A By TR, k) T R AR IR R T RE RS, AR
A BARBEITTE POk, SO B RAEP- B {ESE A SR AR RF-, R, o T 2600 P Bk (L BE R AR 1 o
WY IBICIE | (3 R BRAR s S 5 BEAN RS COD o, KBRFIEAA S W UL 1 BUI 19 SR EETTE1E
APR. B 4 A R RSP0 (ELRE pH R g 1004 K, S5 DR D B2 R S, 125 1) H R SRR 1A 22
5 PHES T LB AR R RS A M T R AR BER. 7E pH > 8 [N, Zeta AL BESR TR, L AR
VR 2R , SR0BE50) 5 T 58 031 O WS BT R A1 FHBSEE P ., 5 A P 0 g A0 512, JSC A 0 o it 28 1
ATCRE TS LA 25 B SR BN B A0 COD ., ZLBRFR A HE 5.

2.3 RIIBEN

7E pH = 11,0, ZREERI B g 0. 330 mg- L™, SRS A5 Bl (] A A8 A5 R AN TEL 7 BT/ doe 4R 6
SRR AR PRSP B B, H 2R 5% 2B JRORE 5 PH B 1 LA SR ) T Sl i U B e TR R RS T T AL
BB M B RV RO 5 7 B e P I B P P SRR T R A SR BRI AR
T, WA PR G AURE 5 SR B SR BER S R BE IR Z [ e AR BE SR SR AR BURRIE . AE RS EL B B, th T
BEA YN, SREER R AR, e R0 T ok XFEEI 7b FE] Te nT LU H , fE R HE
57, BT R M AR A AR AR R 9 A R ORG24 SRR U K (9 SRS, PEIR 5 Yukselen M AT
SEOIFSE A BH 7 SR v AR I 2 1) SR AR TR A
2.4 CAFS 5 PAM ZEEVERERIXT HL

2 UL AR AT 2 8 ML BE I ——R N B (PAM) B S (R R BER 1. e AR AT T Y PAM 5
CAFS SEER R X W2 1. X T PAM, 76 pH = 11. 0 $5 /i1 5 0. 165 mg - L™ i} f§ COD,, LBR &N
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6.7% (i LA 14.9% i CAFS 76 pH = 11. 0 Bt 24 0. 330 mg- L~ "Iy COD., =55 Ny
41.0% o LBR%E N 98.0% .t o] L, CAFS B EERCR LB LT PAM.

7 BAEHBERIT R (pH =11.0,Cpp =0.330 mg-L71) R[] B i 2 A A5
(a. WIUGIE /K ,b. Pk 3 min,c. &3 10 min,d. #7720 min)
Fig.7 Flocs morphology with 0.330 mg-L™" CAFS at pH 5.0 after different reaction time

(a. the raw water, b. fast stirring for 3 min, c. slow stirring for 10 min, d. settling for 20 min)

F1 PAM 5 CAFS FAEZEERUR N L
Table 1 The performance comparison between PAM and CAFS

Edgil pH B/ (mg-L™") COD¢, £BRZ/ % R LR %
PAM 11.0 0. 165 6.7 14.9
CAFS 11.0 0.330 41.0 98.0
:I: N

3 én 1/8

(1) SRR MR B2 A B B0 R A PR PR D A i I 1 R A BR S AR 2 — b 25 FH B 1
R4 T 2RBER). AE pH = 11, 0 ZREERI BN 0.330 mg- L™, 52 45 ZRBE S HYHE 28 BBEACR e fE,
COD, EBRZR K 41.0% , 105 L BR2RiK 98.0% .

(2) BB R - SREE0II , G SRBE0 P (50 BB 23 K LR K i, 2B B B 1, W R K
HH R FEL RO, RS P S T R A, (ORI 5 B0 2R BE R SR TR RS 5 3 1), 55 TR0 )RS AR
J M BRI T, WA B ekt o R BRI T BIL A T S AT, 3R 50 -5 i AT S LB A I 454 X 3 1Y)
ZRBENURL ; 7ERFEL TR BE, SR BENURLALIBESS , KA MG M, (0700 i i A DL DR 256

(3) Zeta HLAZERRW], SRR TE NS B 15 2R BER) HAT w5 AT 2 12, J 17 PH g 1 B 8RB0, X8 o
Y L BR A BEEENE , i T 52 & BB HAT BRI 2 T8 ISR MR 20 1 B, 2R e R AR AR B R
R R0 G RO A o R e v A0 A SR A A AR R BE I, e HE BB U Zeta ML I ANFE SR
% R4l
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Flocculation mechanism of the methyl violet by Combined
Aluminum-Ferrous-Starch Flocculant( CAFS)

PAN Hanping LIN Qintie” HUANG Haoping LIU Guoguang BIN Liying
(Faculty of Environmental Science and Engineering, Guangdong University of Technology, Guangzhou, 510006, China)

ABSTRACT

A combined flocculant (CAFS) was prepared with aluminum sulfate, ferrous sulfate and starch, and the

flocculation mechanism in the methyl violet solution was studied using continuous optical monitoring, Zeta

potential measurement, COD_, measurement, color measurement and shape analyses. The results showed that

CAFS was a cationic polymeric flocculant with high charge density, and its mesh starch chains grafted

polyaluminium and polyferrous. At the intial stage, the main flocculation mechanism was adsorption and

charge neutralization, while at the later stage, the high molecular weight and flexible linear chains of CAFS

initiated bridge-aggregation and sweep-flocculation. And the pH value had significant influence on the

flocculation characteristic. Under the optimal conditions, the removal rate of COD, and colour reached 41. 0%

and 98.0% respectively, and the flocs were close-grained.

Keywords: modified starch, charge neutralization, bridging, ratio value.



