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Abstract: Flocculation process of anionic polyacrylamide (APAM) led by adsorption and bridging
mechanism was explored. The differences between conventional flocculation and multi-stage flocculation
in pollutants removal, flocculation performance, flocculation growth kinetics and sludge conditioning
energy consumption were compared and analyzed by changing flocculant dosing conditions. Under the
same dosage, the effluent turbidity of the two-stage flocculation was the lowest, followed by the three-stage
flocculation and the conventional flocculation. The two-stage flocculation achieved the lowest turbidity of

19.53 NTU in the effluent at the minimum dosage of APAM (2 mg/L). Compared with conventional
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flocculation, the growth rate of floc, average particle size and sedimentation velocity of two-stage
flocculation increased by 12.67%, 30 pm and 36.74%, respectively. The best flocculation performance of
the two-stage flocculation was obtained under the condition of dosing interval of 240 s and dosage ratio of
1:1, and the effluent turbidity was 15.34 NTU, the floc sedimentation velocity was 1.1 NTU/s and the floc
density reached 1.123 4 g/cm’. In the process of floc breakage and re-growth, both the two-stage
flocculation and the conventional flocculation could recover to the level before breakage. However,
irreversible damage of the floc structure occurred after breakage. Proportion of flocs with sizes of 0-100
pm increased, and proportion of flocs with sizes more than 400 pm decreased. In addition, the strength
factor of the two-stage flocculation (68.15%) after breaking was higher than that of the conventional
flocculation (41.63%), and flocs produced by the two-stage flocculation had higher strength and stronger
shear resistance. In terms of excess sludge conditioning, the lowest water content of filter cake (75.5%)
could be achieved by only adding 40 mg/l. APAM for the sludge produced by two-stage flocculation.

Therefore, two-stage flocculation can significantly improve the turbidity removal efficiency and
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flocculation performance, which is a promising direction of enhanced flocculation.
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Fig.1 Correlation between flocculant dosage and
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turbidity, Zeta potential during conventional flocculation

and multi-stage flocculation process
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breakage
2.5 EMRBRMABERENTIREKIERE
2R R TR 008 Xk 8 D 5 2K AR RS R B Y
Wi YL 7. B APAM £ B934, 35 ¢ BORL Al

LSRR, AR TR R, B2 APAM £
R, 2 R EOT IR A K, AR TG TR,
24 APAM 14 60 mg/L I, %85 0 22 6 7 A i35
Je VR PR ROR BT UE YR KR 6. 1%, U Ik
11,2 NTU; 11 24 APAM #4440 me/L B, B 4%
ZE A T TR IR DF B K R v K B 75. 5% , IR
MEE A 10. 5 NTU. 456 0 9 22 8 i 22 AR 1 vl
PRI A Y SRR B S R e 15 U8 AR AR
FEE— R, TR i APAM Bk T L)
IR BB T e WK R o R ik i 28 S R B8
773, AT LA APAM 255045 i, [R) A ] D4R
R I R N K AN P A A S| R
KA PR A 1 RE L R R 1) R

W E LR

181 w HZIEROLE ] g3

17} o WHLIEDE A KR

16} - WUEPEEKRE  Jgg .
= :
= 15 1
w147 4
= L 1745
o 13 =
2 127 171

1t

10t

65

9

40 60 80 100
BEE BN/ (mg- L)

B7 BTN EX IR sk R0 B R0

Fig.7 Effect of flocculant dosage on water content of filter

0 20 120 140

cake and filtrate turbidity

2.6 ZENELHWN

LB Rh, BRI AT LA S RN R i3
AL PR R g R AR AL T N A R
B, RS A BT PR AL L S R o TR A
Wt 9 1 B R e R AR SICRE S K BICR o AN TET 8 i
LR BEE R TR BB BN A APAM, JEE 1A
i A5 WA B SR 14 A AR AR A B B, APAM Hy i o3
TREY, B Hr BRI T HY 18, SR T A
R AR S WBERIE T AT LU AR R R R  H 2
HBLR B SHEL I H R i 2R BN LS

« 37 .



%38% F 14

i 2 K He K

www. cnww1985. com

KBS M Y 2R ACIORLAN B 2 IR Y 25 5 1581 , 2R AAR S
PN AL R S RE AR DUREPEREZE o T P 2R R A TR
BERT B TSI 2R BER] , — 7 10 2R BERI A J5UK P g
BN FE 9B, A AR ™ A R B3 P 5L, 5
— 7 TR PRAGE B B 1 24 ) 7K I 0 DIRSEREE , 1l 22 K L
()10 AR B 3R 5 ), L R ) e R R AR AR, T
VRGP, SR R (R B SRR,
LM A 5 o B A S B 2R B, I AN 2R AR
KA 2R UTRETERE S o, XS0 Bl T RAFAY I

KBRS
. BETRE B SR
U RIS S T S it
‘el e Lt & G
e N T e T ey
ol £
-9
4}?; 0, 9&,30‘3 b e Gt 8o,
g N |
. N N Y Yk
RHRIOR: o B bRt o B

B8 EMZRESMPLBRHEMHER WEMBEHRLE
Fig.8 Floc formation, breakage and reformation during

conventional flocculation and two-stage flocculation

AT PR BERT B, th TR B K BT D) )
YERT, W ML B SR R W A5 W 2R, R AR A 0~
100 wm A EE R 22 R 42 >400 wm A9 £ AR D |, i
T aod o 2R R ) A — 2 T 4 e = B RV AER 286 B 0 909
P UL R AR BB, TE UORE /N B AR (E R )5
B BSR4 L 100~300 wm (15
KL AT LA ) IR 2R 15 B0 36 P AL A 2E R ARG
JT LA 2R A R I T SA R AR T AR A2 28 0 A T 1 R
Ao TEMEREES R, RIKG %L, N TE
JICH) 25 5 B iR R vy L 22 O BRI R, BARAE BT U
VERIR K A= i, (B I 2R PROREAR B I R T 1L
SRR (E P AR B, KT 400 wm (9 244>, 200~
400 wm FY 2 AR 3 2, SRR i FiE 22 O O ZR A
PRI 5 200~400 pum FY 2R (A SB0RE T LA FH A 25 15 1Y
T P A R ) PO A B 2 A A, AT K 5
EERTHPIRES
3 &#

@©  FEAHRIZG 5T, PIYLERBERY 7K M EE AR
T =R B LR EE , 1E /D 9 APAM Bl (2
mg/L) T IR F AR H KU (19. 53 NTU) 5 55 #L
ZRBEAHLL , T 2 2R 1) 2R A A R AR IE AN 12. 67 %,
- HARE AR BG H 30 m , TE FE S AR5 A0 36. 74%

«_WJ‘

I, APAM fY 5 9 A5 M0 ] LA e 5 8 o R R R A
WS R PERE

@ TIN5 50 45 n Ta) B 5 B Le X
K LR SRR A S S, A 2R R 5 1
H240 s ARBCLL 121 5500 T R BER e fe iR,
JK I FE Sy 15,34 NTU, 2RI # 44K 1.1 NTU/s,
ZRHIEIRE 1. 123 4 g/em’,

@ KRB EEELRR, PIR R BE S H
ZUEE (2R IR DL 65 5 B AR 2 Z M B A KT
Je /INBLAR BAKRKE £ | Ko AR R /D | (H R TS
K Ik R G AR . T SR A R AR N T
(68. 15%) KT H ML EE(41. 63%) , i W I 9 2R ¢
(A EE PR ZE AL 5 52 R B 1 BL K 1 BY VI RE 1k .

@  AEWL AR OLEE S S A S R P, PO
S EHIE B TE S S m TR AR K E
SR 2 T 9 2R e IR Y SR ORL 5 2 A AR
fbo TG 2%E LR BURL IR i T B R S WA S
IR (IR A 2, B S v B
ARGy B AW, R i s R, KT
JE A SO BT LA T 2R G W B 5 R 2R T I T A
PR AR K

® M APAM BN A 60 me/L i, X AL 22 B
A T U R BRAICR BT R E T KR 76. 1%
JEWEMLEE S 11,2 NTU; 2§ APAM #1440 mg/L
B, XoF T 5 2R 0 7 A 1 T U R B SOR B, e R
IKFERT5. 5% JERIEE N 10. 5 NTU, PHYYL 22 Bk
A e HAF BN/ ) APAM AT LUK B 30
AR R Vs el it Ak 250l Ak, A R TS
KA PR IR AR T RE L R T R R

SE WK
1] A 50 A0 TR B 1 A e 38 7K Ak 31200 B AF 5
[D]. P§% . PYAL TR, 2005.
JI Qingjie. Study on Improving Water Treatment Effect
by Enhanced Coagulation Technology [D]. Xi’ an:
Northwestern  Polytechnical 2005 (in
Chinese).
T bt AR S YORBE BRI AR S &
RAEPERETE LT ], AKARBIEEA, 2020, 46(3): 86-90.
FANG Xiaobo, YANG Yanling, LI Xing, et al. Study

the

University ,

(2]

on turbidity removal efficiency and floc

characteristics of grading coagulation process [J].

Technology of Water Treatment, 2020, 46 (3) : 86-90

« 38 -



www. cnww 1985. com

FEE S BRI £ 5T APAM 69 % 28 5kt

%38k FH1H

(5]

L6]

(in Chinese).

e BT SR AR il SRR T Ak BRAGS Y JEUK
HEATELT ). RS KHEK, 2016, 32(11): 61-63.

LI Jinfu, ZHAO Zhongyu. Enhanced
flocculation process for treatment of micro-polluted raw
water[ J]. China Water & Wastewater, 2016, 32(11) :
61-63 (in Chinese).

W ECTS  BRIAR:, R 2 . BRI LT BE 1 24k
g K AL - K PR IR K (], o 45 K HEK
2020, 36(9): 36-41.

SHI Zhennan, CHEN Bojian, TANG Fengbing, et al.

contact

Treatment of source water from South-to-North Water
Diversion Project mixed with reservoir water by pre-
oxidation enhanced coagulation process [J]. China
Water & Wastewater, 2020, 36(9): 36—41(in Chinese).
SAHU O, MAZUMDAR B, CHAUDHARI P K.
Treatment of wastewater by electrocoagulation: a review
.
2014, 21: 2397-2413.

AT SCIE A Ha 38 PV, 45 . IR RI0) B JOAE /N ) 28
PR T R B RIS (D). MR Tl K22 4,
2010, 42(10): 1572-1576.

YU Wenzheng, YANG Yanling, SUN Min, et al.

Infuence of temperature and the size of initial particles

Environmental Science and Pollution Research,

on flocs breakage and re-growth [J]. Journal of Harbin
Institute of Technology, 2010, 42(10) : 1572-1576 (in
Chinese).

JEL A .3 10 I A i A TR T A AT 3R A ke A X
FEID]. dbat: dEst Tl k%, 2012

ZHOU Zhiwei. Experimental Study on Low Temperature
and Low Turbidity Water Treatment by Enhanced
Coagulation of Recycling Sludge [D]. Beijing: Beijing
University of Technology, 2012 (in Chinese).
AL MR BRL AR (E S X ST UASB
H ANAMMOX JURL R PE R 52 [T]. b R BRI A2
2018, 38(2): 532-541.

ZHANG Jing, ZHANG Linhua, JIANG Dongdong,
The signal
characteristics of ANAMMOX granules in high-loaded
UASB reactors [J].
2018, 38(2): 532-541 (in Chinese).

S 2RIk B, A . R A AL (PACH IR EEZR
REmERE ST ). HEIR:, 2007,28(2) : 346-

et al. effects  of molecules on the

China Environmental Science,

[10]

[11]

[12]

[13]

[14]

351.
ZHANG Zhongguo, LUAN Zhaokun, ZHAO Ying, et al.
Breakage and of flocs with

regrowth coagulation

polyaluminum chloride [J]. Environmental Science,
2007,28(2): 346-351 (in Chinese).

KUMARI M, GUPTA S K. A novel process of
adsorption cum enhanced  coagulation-flocculation
spiked with magnetic nanoadsorbents for the removal of
aromatic and hydrophobic fraction of natural organic
matter along with turbidity from drinking water [J].
Journal of Cleaner Production, 2020, 244 . 118899.
ERFE, BT KWK, AF AL AR SOHTERR
BETR R LT]. PR5 TR A=, 2018, 12(6)
1565-1584.

WANG Dongsheng, AN Guangyu, LIU Libing, et al.
Molecules of Al, and its application in environmental
engineering [J]. Chinese Journal of Environmental
Engineering, 2018, 12(6): 1565-1584 (in Chinese).
ORHG A HaEy 2R AR SRR IRENLILN 5 %
PER 2RI P E R, 2014, 34
(1): 150-155.

WU Yan, YANG Yanling, LI Xing, et al. Study on
flocs

characteristics under three common dominant

coagulation mechanisms [J]. China Environmental
Science, 2014, 34(1): 150-155 (in Chinese).

WANG Z, NAN J, YAO M, et al. Effect of additional
polyaluminum chloride and polyacrylamide on the
evolution of floc characteristics during floc breakage and
re-growth process [J]. Separation and Purification
Technology, 2017, 173: 144-150.

B RO L ST T AR B R A T e A A B AL
MBCRBEFELT]. BB 58, 2019, 44(10)
87-91.

HUANG Shenbin. Analysis on utilization effect of
surplus sludge disposal in municipal sewage treatment
plants [J]. Environmental Science and Management,

2019, 44(10): 87-91 (in Chinese).

« 30 .

YEZ B NG (1995- ), T3 Il bR A, il - A
A WS T W IR EE S R IRBEN LI
E-mail:928654246@qq.com
Y #s B #5:2020-05-19
&3 B #4:2020-07-30
(%t X )



