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Breakage and Regrowth of Flocs Coagulation with Polyaluminum Chloride (PACD)
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Abstract: The conventional jar test and the monitoring technique of floc size in line were employed to investigate the breakage and regrowth of
the flocs formed by PACL. It was found that the breakage and regrowth of flocs varied with coagulation zones. The flocs formed in stabilization
zone were of high strength and difficult to break, and could regrow better after broken, with the recovery factor of up to 259% . The flocs
formed in charge neutralization zone were of the lowest strength and prone to break, but could reform completely after broken. The flocs formed
in restabilization and sweep coagulation zones were also of high strength and difficult to break, but significantly irreversible after broken. The
recovery factor of the broken flocs in sweep coagulation zone was only 18.6% . The effects of remixing on the breakage and regrowth of flocs
increased with remixing intensity. In sweep coagulation zone, the settling height and mean settling velocity of the interface between flocs
blanket and water were lower for the broken and partly reforming flocs than for those unbroken; Moreover in flocculation settling and zone
settling zones, the instantaneous settling velocity of the interface at the same flocs concentration was also lower for the broken flocs than for
those unbroken, but in compression settling zone, the instantaneous settling velocity was the same whether the flocs were broken or not.

Key words: polyaluminum chloride (PACD; flocculations flocs: charge neutralization: sweep coagulation: remixing

ZUR IR (breakage ) A HoAF KO 1 i CRAAR 1)
GRN NGRS LN E s SuR L U@ U =Py S E
JUHENYUVE B0 2803 R AR M BLS, — o3 i 4
Cerosion) 15 1 % ( fragmentation)2 1 R Pt =}
SRR INURE PR Jd 7 5 1T 2 B0O5 AR AR: 1) 9
7N EA B AR T N JEURE B 1805 15 5 2 FR AU S A
W28 ok 2 A FOST AT A B/ B A 1 7K AR 1 D 4y
RIURLA SE 50 18I0 . e AR e O HL R s 1K A
HH AR JE 5 B R T ER AR RE RIS /1 B AR B B0 i
Gy EEAR R AE RS 10K T 2R AR B e ) 5 3 S0
PREZET SRR (R 2 O 1 B R 9 3 L i 4
IF T LA 20 A JRE 55 L 2R AR i » it LA 22 i 2
S, A AR AT AR R 4 45 0
TERIAE IR BRI R, SRR R R S

TREEHLEEAT 56, o o R VR R 21 1 20k — I e 1% 52
SR, TS IR AL R S A s LU &

LRI, G T 2R A3 AR S L 52155 e IR T 5 3 2
SRR O By IR A SR TR IR R TR IR h B &
A ER SO REAT 1), (EO6 TN FH H 382 3R A & A
BRCPACD , W AR HEAT REMWEIL. PACL S5 4L 48 )
TIRETAE 73T 45 K6« KA A DT R 4% 4 L AR
SR I T 25 PR B T T 3 A A8 22 357, BT LR
BEK 1 Go VR e R4 2 (W 7T 45 R B B2 . H T PACL.

%5 B #A: 2006-02-23; 1837 B #A: 2006-03-16
EETWH : FE AN R BRI (863) 1 H (2002AA601310); [
K HREAIE ST H (20577061, 40673003 )
TEHE N kB E 1974 ~ O, B, HHWFFE, B IT RN K
R EE ARG R, E-mail: cn. zhang@163. com
% JHIIBE R A, E-mail: luanzk @ rcees. ac. cn



2 3 IR E A5 A EAAE(PACD RN E S5 R E 347

PRI, 7 6 SR GEWT I PACH TREREPIT 2B B AR 1) B
LR AG O . ARG LA v W g 1 o ALl K,
FEREAR IR (R Rt SR AE Lok B2 I DI HoR, Tl i
IR AL  Zeta WAL ERAARRRLAR ST B R 25
ARG T PACHAEAN [T BENL BN BT A8 7 22 44 1
R LA KB 2 AR 1A 2 AR 2

1 M5

1.1 s B i e

Packham &3, 7 0 2 vl v 5 0 () 22 AN 3] R
AT A IR e et AT AR AR 1 BT, B AR A P R A
SR 5 K™D Sz 6 SR FH 1 s 0 = (b 22 410D 1 R %
A 0.275 ~ 39.8 pm, FEIEBIRIAE A 10.1
pm, HAF (2 g L2 10 g AR =18 TR A
T 5 L ERAKA TSR], POEBFEL) 24 h JERFH L SE
56 P FH P B e v e A 2 YRR R 43 31, R BE 3804 100
mg* L™, AR 68 NTU.

65T B SR K ) 32 BK FLiE AR e 807 = 36.5
mg*L™",Cl" =13.4 mg*L"",NO; =9.83 mg*L™", pH
=7.2,Fe < 0.05 mgeL™", & il &£ (3% CaCO, 1) A
224 mge L', B (4% CaCO; 1A 145 mge L™, Wil
FRERAEHCN 1.3 mge L™, B2 370 pSeem ™.
1.2 RA SR T

SR IR 3R A S AR A2 T 8 (g T TR
BB 2 D R AR b Bk 2 COH/AD 2 1.35,
ALO, A 30% . fifi & WS W R & TR T %
B KM 2], W EE R 2 mole L' (L AL TE, R,
S T FH BT 8 PACI WM 0.1 mol=L™", T 4it
SCHHT 1 d GRS IRRORE A B, LS E LI %, 4
fe A AR
1.3 FeMsEE

S FH (VR B T 2% b U S I I 4 BRI
FOCVIF R JTY 284 7S K VR 468 S 50 0 P 2%, 0 41 A 11
WAEA 105 mm, ARCERUN 1 LT SRR i 2
pH & 8.0 (44 AT , 83 #5 R B AU A A0 B v i
YT pH EL, T 75 I BBk 1Y) 2L 79 4 P 3 S S 56 A A
T ARFR TR ol S5 560 17 T P TR il i N, 1 U - gkt
W VRS G RN PACT ¥ . ek Jsh 3R il
M 15C +1°C.

e PACI HI & 1) S50 A5 P 6 #F ( 6 = 245
s~ '3 min, BBIEHHCG =15 s7'10 min, 2R G U 10
min PO N BEAT | BREUHE HE 85 I B 5 mLL (1
WA R 2 THI 1K) Zeta HAAT ( Zetasizer2000 2 Zeta HL

PEAL, JEE Malvern 28 1), YL 45 A B W R 10
mm A& B 25 mLL BVAA, I AR 4% 0l B2 (2100N
HIMUEAL, 56 B Hach 2 7D ARG 7R A2 VR K Zeta
P T PACT 15 i B TR BN LB

BUR B AR B P S S5 < A L 0 VB R e o (AR
HHEFE: 6 =245 7", 3 mins BH B FE: 6=15s7",10
min) [F1 P2 358 3 45 AN, 4k 252 DU K 0 496 1 55 5 (52
Bl 96 s FI 244 s~ DFEHE 2 min(£EIX HLER
TR, AL, 6 =15 s RS B FE 10
min, S8 5 Y% 10 min, 55 J5 BURE DNk 42 00 B2 [R]I
SR IR e T PR A A DL R PR 4 R
R Zeta AL, WM E T AEE R BEHLEL N, K F
BEFECG =244 s, 2 min) BEIE G2 R4— e R 1)
VYRR XNV Al BT R o R
T T [E Malvern 2 7] H il B Mastersizer2000 B340
L JEE AL 23 5 2R AR A5 1) AR AR B, I 5 T 9V
WLSCHRLT7].

2 HR51E

2.1 RAEFALEH = LR B LI

SR SR P R 4 v 0 B R R DT
VU (R A Ik B 5 7] R0 5 v 04 - SR 1) Zeta
HAE, CAUE B JCVRBENLEE . fr ] 1 mT 0, Bl PACL
SR, AH K IR BT FR IR 4 AN HL Y Xk, 4K IR
N REE X L HL R B AR R X AR X K B 41k gt
DX H0T, L v L v R B 3 TR X DA 2 R R
T 959% 1M Ft 58 1) AH N T AL, £E 25°C R 1%
S I, PR DX AR 2k 3K ol T i R O T e
WEAETESE pH N OH™ W JE T i, AT B AIG TR 7k 77
(1) LR RN g 5 0 R A ORE 1) B L, AN 2R
A2 1) B B R 7N A b B X, PACI
HERD, BRI HEEAE, 20 0.8~3.6 mg*L™';
TEEFREEX, PACI I &R 2, 2y B Ju B, 2
KT 27.0 mge L' NG EUF, HL AP RIR B n] FRAIC
Ab TR AR R TP 2 VO FE R, K TR AR ORI
M L B 2 i R B 8 B4R A, (Rl T
RO HR G, KRG W2y — e fE A b
Gt 7K TR AT A1 SR B AN 52 MR L 1% 52 56 A HL e R
NG AT B I ) s AR 4R 2 3 2 0 o 2,16 1 54.0
mg L™, XF N ¥ 5% 4% il B 43 0 24 0.395 1 0.540
NTU . B J5 19 AR R S 4 41 i e S 56 35 43 il 43X 2
AN N HET
2.2 BRARIIMAAE B Wi 52 008 Bk 4 ek JEE 1) 5 Wi

BURTIIE J Wk SRR B 1) 72 S e 3R I R R T



348 E7

F} 2% 28 &

60 25
i RERX o ghgME |
0L 4 i B, R R X —-— ZetaEBﬁiI
o o by - 15
L 410
= 10 ikt 100mg-L! : >
Z B4 pH: 8.0 15 &
B a0l A 15C£1TC &
G O OO 1o E
& ]
R -5 N
i BRX HRREX
5 4 -10
10
4 -15
0 1 1 1 1 -
0 10 20 30 40 50 60 20

PACIH &/mgL!

1 PACI AEXMEIL T BB EITIZNHM
Fig.1 Effects of PACI dosage on the coagulation of kaolin suspension
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Fig.2 Residual turbidity of the suspension in different coagulation zones
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Fig.3 Zeta potential of the flocs in different coagulation zones
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Fig.4 Evolution of floc size during the breakage and regrowth in different coagulation zones
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Fig.5 Effects of remixing on the settling of the flocs in sweep coagulation

Bt I K1 U0, FRm LR 2082 (1 3
Th e XA EE (0 AR A Bk Sk 2% 5 Wi S T 7D e T
AR LR F T IR R R (1 5 0, W] LUAH s
K173 0 B 6Ch) CERAA TR AT AR 5 2 Fig 7 i A
AR 5 SRR A0 46 B I LR AED BT

R & 28 4
25
A . B ‘ c Q)

T
£ > Ce KEBUE
g —o— FHLFE G=2445", 2min

[ Ol
& 15 = R 12 100mg L
@ PACI: 54.0mg.L"!
& 10 — ﬁé@ pH:S.O
= . WA 15TE1T
2 ‘
® S5

5% B 97T B 3% % /mm -min !

| |
1.0 1.5 2.0 2.5 3.0
FAHERE IR

Bl 6 B Xt SR AR B ST PR 2R A 22 1

Fig.6 Effects of remixing on the instantaneous settling
velocity of the flocs in sweep coagulation
(f) AvBC 3 AN ZE3% 3 AN K kA, 2k 4 5
KA ZLDT % (floceulation settling) « X 38T B  zone
settling) 852 BHL 7T % Chindered  settling) LA A Fs 4 1T %
(compression settling) . & 6C(h) W] WL, 71 2L DT FE X
Lo DRI C R DX 5 DAL P8 4 e 1 45 21 2 VK 52110 2%
A, LA TAEAT — WRBE T (157 N PR I3 R AR TR
DRI 2 X R WIAEIX 2 AN DI, S0 2 5 i i)
VIRRE R A SRR LA K, 5 RARLAE
TR AE Hs A8 TR DX P 5 BT T P 0 oo o 5 2R A
THCRE 5 15 TE 5 5 AN B 28 A A R 1) sy i A A1 X 52 B
SRRV RLAR X s 46 U0 B B2 AT 5 W . i+ RBCRYE I 5 23
PRI (R 2R A R o 3 5 18 I B8 T s P gl AH R BRI
BRZ AR (R It B 22 1, DRI TR I T 7
ERARIE N DT B i 4 TR A B . e b, 72
ARYTIE D, FE IR — I 20 5 1T SUA TR IR BE AR A
AU, HLZ T AR W% IS T o o 3 B 2 A A R 18 T v T e
AR BT LAAZ 2840 B T 10 W P 3 ol S A 0 A g, o
6Ca) T .

3 it

(1) 7% pH THE (8.0)15°C + 1°C 1 %A
N, BEAE PACT 3G I, v e ARl 7K (100



2 3 K E 2 R A S AL (PACDR

R TR RBE 5 PR 351

mge L~ DA 4k HILAR & DXL R BRI PR AR X A
BAIREEIX 4 A S (TR 8% X 35, (HAE 25°C I, 7
FRADXSEARS K A5 v R RN B A 1 TR 58 DX 38 ] 745 21 )
FERRBCR  AE T R EEX , PACI FH B, #
2y VG RS s AR B IR BE X, PACI =40 %,
PE2A B 130 PR 0 12 SR A HL PR R S R B
IR FE I 200 2.16 T 54.0 mge L™, XAV ) 5k
ARUEESN R 0.395 A1 0.540 NTU.

(20 B R RICAAE B A S 100 R Vi 58 DX 58 ) AN ()
AR A5 41 TR B AT 7 A DX, SR 11 9 B 2K, A
Ty W AR J5 AN e o8 A T, 1R R ) B ol 2
e, H T IO D AUCh 18.69% 1 HL R IR
HED, BRI SR /)N, By TR AR i m) e 4
WAL CIRIE DR T 155 % ) » e 4% 1L B AN AR s 7 4
JE DX, BRI 9 FE R, AN Dy Wi, HARARE S 1 2844
AL A OV BT 1Rk 2599 ), A8 R (1) Bk r
U BRI

(3) P30 5 2Bk, 0 24 (1) Al 1 S Pk 34
DU RE WK Y PR PE R 96 57! B i E 244
s VI B XA FR () AR A RE B AIG, T P AR X R
FAVR BRI (1) A R 4% L B T vy

(4) XFFGF1 M HE, 28 P 300 B 0% 18 1 753 21035 4>
WA, AN TR G R HE I 2UAT &, JLZA
J 57K AR 18] F 1T R DT B ey FEE S 1 51 00 1k 6 35 3%
i, FLAEZUREDT IR DORD DX TR X, 1% 24 S 1 o
TR T A ] — SR FE N UK, H A Hs 4 T
B IX, 35 PRI IR B S A [

(5) ZUEEDTIR S DX ST B (R I e AN 5 2]
AR AT 5%, A, 55 (TR A ) 2 AAORLAR AT 5% 5 1 R 4
DUBRHE A 5 ZUA IR A %, B 5 DURE B 244 IR kL
K.

S k-
[ 1] Jaris Py Jefferson B> Gregory J» et al. A review of floc strength
and breakage [J]. Wat. Res., 2005, 39: 3121 ~ 3137.

[2]

[4]

[5]

6]

[7]

[o]

[10]

[11]

[12]

[13]

[14]

[15]

Miihle K. Floc stability in laminar and turbulent flow[ AJ. In:
Dobias B (Eds), Coagulation and Flocculation [M]. New York:
Marcel Dekker, 1993. 355 ~ 390.

Serra T» Colomer J, Casamitjana X. Aggregation and Breakup of
Particles in a Shear Flow [J1. J. Colloid Tnterface Sci., 1997,
187: 466 ~ 473.

Gregory J. The role of floc density in solid-liquid separation [JJ.
Filtr. Separat., 1998, 35(4) : 367 ~371.

Van Benschoten J E, Edzwald J K. Chemical aspects of coagulation
using aluminum salts-I.  Hydrolytic reactions of alum and
polyaluminum chloride [J1, Wat. Res., 1990, 24: 1519 ~ 1526.
Yukselen M A, Gregory J. The effect of rapid mixing on the break-
up and re-formation of flocs [J]1. Journal of Chemical Technology
and Biotechnology, 2004, 79: 782 ~ 788.

Jarvis P> Jefferson B, Parsons S A. Breakage, Regrowth, and
Fractal Nature of Natural Organic Matter Flocs [J]. Environ. Sci.
Technol . » 2005, 39: 2307 ~ 2314.

Kim W, Ludwig H F> Bishop W D. Cation-exchange capacity and
pH in the coagulation process [J1. J. AWWA, 1965, Mar., 327 ~
348.
Rossini M, Garrido J G»
coagulation-flocculation treatment: influence of rapid mix parameters
[J]. Wat. Res., 1999, 33: 1817 ~ 1826.

Duan J» Gregory J. Coagulation by hydrolysing metal salts [J].
Advances in Colloid and Interface Science, 2003, 100-102: 475 ~
502.

Galluzzo M. Optimization of the

Hohl H, Sigg L, Stumm W. Characterization of surface chemical
properties of oxides in natural waters: The role of specific adsorption
in determining the surface charge [AJ]. Tn:
Particulates in Waterl C]. Anaheim, Calif: 175th ACS Natl. Mig
1978.

Letterman R D,

The Symposium on

Vanderbrook S G,  Sricharoenchaikit P.
Electrophoretic mobility measurements in coagulation with aluminum
salts[J]. J. AWWA, 1982, 74: 44 ~51.

Francois R J. Strength of aluminum hydroxide flocs [J]. Wat.
Res.> 1987, 21: 1023 ~ 1030.

Yukselen M A, Gregory J. The reversibility of floc breakage [J].
Int. J. Miner. Process: 2004, 73(2 ~4) : 251 ~259.

Letterman R D. Water Quality and Treatment [MJ. New York:

McGraw-Hill, 1999. Chapter 7.





