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Effect of Magnetic Flocculation with Quadratic General Rotary Combination

Design for Treatment of River Water
YUAN Wen-jing', TANG Li*?, HE Sheng-bing'*

(1. School of Environmental Science and Engineering, Shanghai Jiao Tong University, Shanghai
200240, China; 2. Shanghai Engineering Research Center of Landscape Water Environment,
Shanghai 200031, China; 3. Shanghai Landscape Architecture Design Institute, Shanghai
200031, China)

Abstract: River water in Suzhou was treated by magnetic flocculation with quadratic general rotary
combination design, and effects of four factors (PAC dosage, PAM dosage, magnetic powder dosage and
settling time ) on magnetic flocculation performance were analyzed systematically. By using variance
analysis, regression model equation analysis, single factor effect analysis and two factor interaction effect
analysis, the optimal operating parameters were obtained: PAC dosage of 15 mg/L, PAM dosage of 0. 58
mg/ L., magnetic powder dosage of 2. 7 mg/L and settling time of 2. 1 min, and the expected effluent
turbidity was 0.73 NTU with the removal efficiency of 97.2% . When these parameters were adopted in
the experiment, the actual effluent turbidity was 0. 82 NTU with removal efficiency of 96.9% .
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JEK B E Z0 0T i 2 X iR T, R Ry 26. 1
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Tab. 1 Factor level coding of quaternion quadratic general
rotary combination design

PAC 00 | PAM 200 | Gk chn | fivend
K ®z/ | BZ/ | BZ/ | WZ/
(mg - L™")|(mg-L")|(mg-L")| min
r(1.682) 20 0.70 3.5 2.5
1 18 0.58 2.9 2.1
0 15 0.40 2.0 1.5
-1 12 0.22 1.1 0.9
-r( -1.682) 10 0.10 0.5 0.5
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TEDYE 22 (PAC $IR . PAM £ I RER F2 RRESHRAELR
B LU TTTERTED) B2 R 2647 20 415, Rk gh Tab.2 Test coordination ratio and the turbidity results
JE 4 26,1 NTU, M 45 51 20 ZLAIRE L5 S Y | 4| PAC BN | PAM BUIL | BERYEEI TSTRERR],
Hss 2 ’ ﬁgﬂ% w2/ | Rz | Bz | 2/ PRV
(R#22). N e s .. ~ [(mg-L7)|(mg - L7")|(mg - L7')| min
X T 7K ) i 2R BEE U UE i ek B 4 SR AT E 8 o3 1 18 0.58 2.9 2.1 1.51
Br, T 4 Bl A LS EOHR I 45 R s, 45 32 (2159 2 18 0.58 1.1 0.9 |3.57
BREALGNR - 3 18 0.22 2.9 0.9 | 5.01
Y=1.916 -0.992 2X, -0.741 6X, -0.455 1 4 18 0.22 1 2.1 | 2.0
5 12 0.58 2.9 0.9 |5.27
X, —1.181X, +0.555 4X; +0.368 8X; +
. ) 6 12 0.58 1.1 2.1 | 3.21
0.287 7X; +0.549 9X, +0. 745X, X, + 7 12 0.22 2.9 21 5 07
0.040X,X, +0. 195X, X, (1) 8 12 0.22 1.1 0.9 | 6.51
UL EE R? =0.952, R4 R4, AR 9 10 0.40 2.0 1.5 | 4.52
b SRR (D) iy ¥ ke | 0] 20 | ok | 20 [ 13 1%
T - ] . . . .
B ”%T#Ej%ﬁ\ﬁﬁ;%ﬁ\ﬁ% . 12 15 0.70 2.0 1.5 | 1.27
X, =0.006 6 X, =0.998 7,X; =0.790 5. X, = 14 15 0.40 3.5 1.5 | 5.22
1.072 70,Y,,, =0.73, X, . X, X; X, B &d AR 15 15 0.40 2.0 0.5 |5.02
IRV A PR, A P K 4 5 4 2 1 U o TR e
finfe 15 mg/L, PAM $fii6 0. 58 mg/L, ¥y 4% il 5 19 15 0.40 2.0 1.5 | 1.72
2.7 mg/L, PLTENRTR] 2. 1 min, Jt A BRI by B A] 3k 20 15 0.40 2.0 1.5 1.28
0.73 NTU, M BE BR300 97.2% . FIHLL ERAES 2.2 HEHH
AT 7, 15 B PR O 0,82 NTU, 25 Elipas- Al a2y e Sin] ks - AN $iixEws
BRRik 96.9% 22O AE RN 3 R
x3 MERBERFESH
Tab.3  Variance analysis of turbidity test results
AR R IR FO5 A FH B LS F1{H P18
X, 7.7410 1 7.741 0 ~0.928 9 31.463 1 0.000 5
X, 3.982 1 1 3.982 1 -0.874 1 16.185 2 0.003 8
X, 1.954 8 1 1.954 8 0.783 4 7.945 4 0.0225
X, 10.091 8 1 10.091 8 -0.944 1 41.017 6 0.000 2
X 3.149°5 1 3.149°5 0.848 0 12.801 0 0.007 2
X 1.621 6 1 1.621 6 0.754 1 6.590 8 0.033 3
X 6.423 8 1 6.423 8 0.916 1 26.109 1 0.000 9
X 3.6553 1 3.6553 0.865 0 14.856 7 0.004 8
X, X, 0.105 1 1 0.105 1 0.280 6 0.427 3 0.5317
X, X, 0.008 0 1 0.008 0 0. 080 4 0.0325 0.861 4
XX, 0.190 1 1 0.190 1 ~0.3659 0.772 8 0.405 0
myE| 56.897 4 11 5.1725 F, =21.023 35 0.000 1
T4 1.968 3 8 0.246 0
KA 1.778 8 5 0.355 8 F, =5.632 86 0.016 1
R 0.189 5 3 0.063 2
SR 58.865 7 19

M3 AT AR R PAC UM X, 19 p {E290.000 5 PAM 01 X, 1 p {H N 0. 003 8

.04 .



www. cnww1985. com X%

V5 TORGE R AR AR AR T T REE B T AL T R AR

%37 % %3

B X 1Y p {624 0.022 5 FLHEME] X, /Y p {H
70.000 2, %K E p HIE/NF0.05, KU HH R
XPEA B EZ W, BECH R XX, S
XX, RPEM R XX, 5 XX, &R XX, 5
XX, RAEAHIG B4 3 i 9 i X, X, X, X, FiI
Xy X, WAHOR(H

(YIS ] 05 5 R () R ARG 3 F, = 5. 632 86 <
Fy45(5,3) =9.01 A3, BEHTR A PR 38 0 il 96 25
RN BEVERR F, =21.023 35> F s (11,
8) =3.31, ULHI A5 m = 5 i AR G
2.3 BERSH

BAPR R 23 A BRSO R 3R b Y B — DR R A O R
i, HAR =R BHC0 P ARA (D) TR R
B, & R AZ R 0 KFANR : PAC 8Uindt Z, g 15
mg/L,PAM £ fi4t Z, 5 0.4 mg/L, Bk it Z,
2 mg/L,UTERE] Z, 4 1.5 min,

WokE PAC $m it X, 1y 52 Bk, alf PAM
Bl X, BB X, ST E X, 308 0 K
-, R R 7 RS (1) X, X X, B0, R4S 3
PAC i X, /F S8 S iy — o0 IR O #2, K
WA, IV AT 7o 3] 4% R DA 2R AR Dy B — 18 kI g B )
KB MR . &R R EITE A
AUF

PAC Bt X, Mo 5 —e iy e .

Y, =1.916 —=0.992 2X, +0.555 4X; (2)
PAM i X, VE g — 8 55

Y, =1.916 -0.741 6X, +0.368 8X> (3)
WER N X, AE g R

Y, =1.916 —0.455 1X, +0.287 7X; (4)
DUTEMS 1] X, VE Ry B— By

Y, =1.916 — 1. 181X, +0.549 9X; (5)

AR L b PUAS T R B e B DR BN T 00
Br, G RN IE 2 o

PR ZE S0 0 T A A
A 3 DR ZR AT R LA B 25 A K Y [ i B
O R AR B R A, LASKE BN B PR LA

ESE T PAC SRR X, XHMUEERYSEIA .
2 PP RIS K - 1. 682 <X, <1. 682 i,
PAM $hide X, B SOl X (DTvEmtE) X, 21800
K- PAC B X, 4 5 R 580 il 0% — 2% 0T
i) BRI KR B BEE PAC £ 4 14
INSEus NG SO A T, MR 2 T 2 nT LA

S TE X, =0.893 2 JKF-If 23k B e /MA L, A
(2) BRI FUfh b B2 1. 47 NTU, o X, #5055
BEEE, BT 45 PAC B EHE N Ry 17. 6 me/L,
M PAC F 2 (1 75 22388 5 Joh & 22 9 0 40 14 i
UE T PAC $ohnad &6, 24000 8R4 K
e R UUHE , SEOK AR E T

6t = PAC #IH
5 - PAM & it
- WA BN 4
2 4 DLVE T 7]
<
" 3T
#H )
1 —~——y——8
0

-20 -15 -1.0 -05 0 05 1.0 15 20
K- G i 4

B2 fERTEN 0N S E TR %
Fig.2  Single-factor effect curve of various factor influence
on turbidity
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Fig.3 Interaction effect surface of X, X,
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