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Introduction of a new flocculation control factor based on
kinetics and fractal dimension concept
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Abstract; Conventional flocculation kinetics based on velocity gradient law has several theoretical and applica-
ble drawbacks. In this study, force analysis on flocs in turbulent flows was carried out and the results suggest
that the vortex within characteristic scale is crucial in flocculation process, and the inertia effect of micro vor-
tex causes the collision and aggregation of flocs. According to analysis of influenced factors on kinetic mass
transfer and morphology of flocs, it is verified that the density of flocs is proportional to shear strength, where-
as the strength of flocs presents inverse proportional correlation to shear strength. Furthermore, a new floccula-

tion control factor defined as F' is proposed based on kinetic and fractal morphology analysis. It is the modifi-

cation of conventional flocculation control theory and provides a reference for practical design.

Key words: flocculation; inertia effect; kinetics; shear strength

SREUE AL PR G S T 2500, 2REES)
T35 B A5 ) — B K Ak B B BIE ST A HE A S A
AU B ST R A 2P A
TREESS , IR B—E W RSB S, AT # T
UUVE , LBk 2 B H B9, BN 5 000 T2
BRERIK ) a8 T R B A e e 2

Y55 H #A:2009 - 05 - 30.

E & E : B ZOK M5 Jeda il 5 1A 3R K % 1 (2008ZX07207
-005 -02) ; vk A5 Y m A LR B AR 5 T
PR (20087X07207 005 —02) 5 BEA A4 15 7k i
SR AR (2006BAJO3A0S —01) £ 2 D fig e 3% 15 1%
SR ARBFSE ( 2006BAJ04A03 —02).

EFE BT BRIE (1970—) 55, 184 Bl
B A(1938—) B, 1A SO, o R TR B

T il 5 2R BRI S — B2 2 E A
HNTZ RIE.

e H A 2R 88 3 ) 27 DA BRI 5 22 i 5T
HR KPR Bl PR A (G ) R ALy, T T
JEE A PR 3 S 55 5 B B A AT AR A A K Bk
B G T BE AR B, R 9 2 T2
TRAE T A 2R W N R 0 5K, T AE SR BE T 2P
K B T TR , BRATBEH EE SN B AR
[ AR i Jok 09 2T DR 0, o 5 TR A
ARSI I T T S 2R O 2R 2R B 7, R A0 B
TETRESCER, RS SR BERT I 2 , 76 WA i T )
— BB AL, K T AL T4 50 4% 1] [P i AR
A, RIS A DX A AN (7] £ 25 8] gL 7K O 42 3



- 1578 - MR

S

T

/4

NI FA2E

I o 5 Ry R i OB TS, IR 0 ko
i 7 22 , T = S S 190 A 22 0 vt 14 2 7 R 14 T
Jg 3 2 I R A O PR, SR B RS T B
FISZPRIE_EA R, Hof R 8 m LB 3h 112
A, T LB ST h, 22 R L R
B E PR W R T B 0T, Hd A
(T A5 TR T A (Bl

B 2R R R R T R 2 e A
T BT Y O B R ) B H E AR e A R
AR A7 8 A SO I X 8RR T2 B o
2 o R A R s il 2 i K1 26 A1) A, AR
HeE Tk R — AT e SR EE
OIMTIETHEAR T DR A 2R T 2R

1 G AR R B 3 7 F A

BT 2RI R R iz, & A TR
/INFRTLTTEE i i , T J5E 1%l 1) B 705 T[] F A %o
15 Bl R SR B AL AS A A, AN ) RUBE 09 108 e A B S
I, AW A R TERC S T O R e A
H B BRI T o A S, R SR R B ) AR
il Y S 5.

WRBHAR A BRI ro/m, ZREER 5K i
FAXFTREE Ry w/(m + s™") KGR p / (kg -
m ) BBEHAR N p o/ (kg - m ™) T BALA 5
BRE BB T 3Z 7K JIBH 1

F, 3C,pu°
Ja = 47377+ o = 8pure (1)

SR 2 PR BB AAC NS [ T 3 i ) 2 i A
b, = (1) AT UL, B 5T B BRI 2R B BT 327K T
REL 7 Wi R J32 488 T il 2L, B2 R A B O By BT
32K JIBE 800N oK AR iR i is sl i, 7R B O
BPETIVEIT , A SR BEAR I A8 ) 5 7K 3t 7 26 A
XF iz ). AN ] RRE B2 B AT it It 8 5 Hh T 32 15 0
PE AN ] Y, 33 A R 35 I A ) R 22
PACTE Tt I 108 JE A2 1) 6l 438 P9 L 38, 78 ik 1 e v B
—A/NEY A, AR W ) 7 AR FHAE I S
& EAPIA 7 RVE.O RIS, P& AP, n
SABAR R I R iz s ey e B A

P 0

a P
At — 28 i A B R LR ) A (N)

p U BB IR (0 B LR EE S (N) 5 1 i e
AR (m) 5w 0 1B VR A 98 10 91 160 2 )
s7').

(m -

RIS S B A ] — L B A — 5K R Al iz
BB, 2R 16 1R p + (ug/r) T2
BB TR p - (ug/r)  Z R BRI Z 8 0 )

2

WKL A SIEA 22, 1 (py - p) “ . SR

TEHAEH T I IR IE 942 1a14z 8)), T 32 7K 1 BE T B
SRS HAHi s 7. M= (1) F U, 2R B R
R R i 5 T A A VRS Sk 2 e, )
PR T A7 50 /N AR — R A i T T
& H B S — A7 B SR AFAE— R BRI 2R
R, ERFZ B0 15 TR 14 I IE S A
FORWIERE , & FoRBNAKARIRERE , W i€ 1Y
THUWEN Re = ud/v, K = u/p , Rk iz skl
T ZR B TR R T AR N TR A T 5 RS
Z L, YW ARSI, R BE AR A
uk/v = 1,0 Ay = (/)" 2HIRBEREE A >
No, T FF (R E Fy J2 F2 Y, TR ) AT Z
HE R iR i TP B AR v, 2 p A &3 N
FHKE, M= HARNEE N T (ed/p)'? Al ke
TEw BRI, RN u, e (ed/p) 5B A < A,

HiW%MA=%n§A>Aﬁiﬁ%%%ﬁ%%

T, 5 p e H X, HiEgdhifnHTF
(eX?/p)"” desg |l

w (AP

T, e (22)

173

T 1 T 14 3 B8 A
dA

o« — o

dr
U 36 TG F o s SR
du, u, &
ocﬁochAoc/\m. (2)
HEC(2) TR, T63 e B4 o S i i i L RE ik
AT, S 0 e FRUBE SR B RFIEAE Ny B, Ho ik
JE AR, ROV e i , A ) RUBE 2R B A I 44 1) il
A LA By, R EERCR T AT LAAF LAGR . AT LA
Wi, T 1 H PRI/ 108 TGE 1140 285 O B P 280 S 2R o
BB AL
2 KRBT I) R AR 0 EOE AT
EY Sur VRS A S E S OR AT A AS S i)
2SNt A3 ) RUBE it 1A 25 T it 7 U A 5
W BRBEUR YRR VR REFE. X T RN B A T
F o, BBERY SR R 2RO SN B BRI RSE L/
m S WA A AT 58 b /m A5 ) w / (m -
sT) BRI p o/ (kg - m ) KIREE p /(g

Uy

A
T

2/3

ay



£ 10 3]

BRI, 45 T 8l )2 5 0 oA i SR EE R B 1 b

- 1579 -

em ) KARBEEE w/(Pa - ) BB EE N/
(A4~ - m ™) RERHBZR h/m N0 RIS AR
TA 8 AR, [

JS(L,b,u,p,py,N,u,h) =0.
WA 4650, LA Lu . p AR
A
fila vy s,y ,ms) = 0. (3)
X)W 7,y 5,7, s AT LAV IEA &
TN
mo= LW p r, = plup? = NL®u"p™,

4,04 cy

m = polup® s = hLSu"p®.

Horh BEABUE PR b, B L =[L] U =[L][T] ™,

p = [MI[L] ™ JHilty

1 0 0
1 -1 0
-3 0 1
AR

# 0.

o= b/, = = NC o, =P =
Lup p

HEAE AL (3) 0
ST AN B <o,
RTAC RN
po = (Ve NEF,) =

b 1
Fy fiCs VD).

L F( NL') = A,

b 1
L ’Re’

po = A'F,. (4)
e F ORBTDISREE s A R RS,

A= Refs(%,NL‘).

3 BURKTEE B FEKR
TE—EBIK T4, SRR th 4> A
S0 14 ), B2 AR 110 R 245 g R AR X 2 A
AURERE ). SRR IREZE I B/ (g - em - s72) 5
SRR AL A /om® BOE T B o A
XF—ANHRR r MR B, A
Ao (1 =n)3.

HLEp
Bocr (1 —n)7. (5)
U2 uNib)wiie)
poVo =pV+p'(1 —n)V. (6)

K py oo’ B EEER (EK) IKFIELBEER
(REAK) IR (kg - m™), n HALBRER(% ),
Vo WEBERARB(m®) , V LB TR S R
(m*). SE RS S SR E R LI B AEEU(K,)
(% 2 Ttk

1

Po & k- (7)

i (5) L (6) R (7) AT A5 ZLBEIRIORESE J1 B
B « ré(l_%>.
TR E R BT UIVE T, 28k A 5 B
R 1) T8 R AR T 228 A L 14 i R A 8 o
T RAVE AR BN r o B 2R BE AR 1 AR T 4 ) 2
(EHIR BB 22, AR Kolmogomff f) 4% i [7] 4
G, BABERE S AF 7RSI AT LAk Rt

AF o p82/3r08/3. (8)
TR X ) 34
AF o p(go/p)ry’. (9)

SRR I BH 1E — FBCA A FEA ME DCI, L s At
SRATRENE ) S AL S5 A5
W ELEER TSR BE b, TGRS0 B 5 AF 196K
%,/
k, o b/AF

=k, < & f(ry)
A
=k, o uizf(ro)ika o< 73 (1)
u

=k, o Fo "' f(r,). (10)
]

S(ry) =1 25K, = TO%D./"‘.
4 FAE N B EES| R A T AT b

TEZUBE T 2, I Y 2R AL R, s
ol T UUHERCR L 22 5 I 2, BT P Il vy 42 5
{LSURANNER 28 < B B B s e R K 1 A0S
TS BRI, DT RCR A 2. (1) 3%
W, SR SRR N BEBOA , 52K Ui ok sl ) 52 ik
/N ULTERCR A PRIk s =X (8) 13K (9) KW, £
BRI ]RSO, B2 5 BRERE. DRI, s 2R A 5L 5
PR i e — 5 0 ROBE G R, %) T PR IR 2R BEULTE 1)
HOR AR H 2.

SRR A AR B 09 A e ik I i
PE A F o AT AR i 2 A S 7E(4)
VN &S0 ) AL £ i ZE W R RN AR N A
BB A 30 B2 A9 728 B pR 8 b, /L S8
#IEASHL, nla il e i U, e s B X i
i, HE LR (s VL' R SRR BBE IR AR B, %) A



- 1580 - 1 N S W | A - =

a2

FiAr o2& R, (HAE K BRI BEAS K, Tk
JEE AR X T AU E 1 S A, — BB b
AU 3 — 5 , R A AL AR Re NS, A
B SO BE M 2 I, KA B R AR A 2R BRI
BORRO R A R R B, MK R
R 25 ARG S0 A (1 IR 9 R 328 o
por AW AR K B2 1 T, A F
RIVRJ 6T 2R A Y 8 2 R T 4ot 2 T o) S o7 AR

A (10) KM, ZRBEIR Y58 B2 2 LU T i e )
FHIEAEL F o, R SRR AR ROBE A R K. B
F SR, BB /N B REREN, K R f(ry)
PR L5 ETHESGF, w8, REHA AR,
BN K, AL/ f(rg) SR BT R P, 3
INBERE, RIH& e K PR A9 BT Ui B2, T DUR IR 2R B¢
A W/ N B BEUR B B R, — BRI AN BEAE X 22 5
A—TEA . R BEAR R A Z RS, BTUIHR,
S(ry) BEZIEI, B, ZREEM R Bl o3 S . 1 B
IR ZRRBEIAE , 73 i 2R AR F) R B2 ]I DR IE 22
PR B —E 19 R 5 70 4R 5, T 59 1) 5 32 f) 48%
TN ECRBEARA A/ N RS, BREEIACR FE RN
I, PRAIETE 5 4 5 D B2 - ) o 42 ) 2R B AR A9 IR
JES TSR O , RIBE & 2R e e, #5561 —
TEM) F o & TRESCHACHE. CTF F o B3 HITE
1E T =2 B T i e

5 & %

1) BT SIS ST
SUBHGAR F o, F o S LRI I
2 0 AL A4, X FOA R 2 R
UF SRR K F o AT RS B R 4
EPEZ

2) SRR VA /NI 00 2 A M S
2 A R R kA W 2
Y2 T

3) KA BT SIRIE Fo R0 % 20
BECpo = A'F ) i FL I BRI [k, o
F, ) ]

% S
[l ] ZONDERVAN E, BLANKERT B, BEN H L, et al. De-

velopment of a multi — objective coagulation system for

long — term fouling control in dead — end ultrafiltration
[J]. Journal of Membrane Science, 2008, 325(2):
823 -830.

[2] YAN Mingquan, WANG Dongsheng, QU Jiuhui, et al.
Relative importance of hydrolyzed Al1(IIT) species ( Al,,
Al,, and Al ) during coagulation with polyaluminum
chloride: A case study with the typical micro — polluted
source waters[ J]. Journal of Colloid and Interface Sci-
ence, 2007, 316(2) : 482 -489.

[3] DAS K K, SOMASUNDARAN P. A kinetic investigation
of the flocculation of alumina with polyacrylic acid[ J].
Journal of Colloid and Interface Science, 2004, 271
(1): 102 -109.

(4] ff 2 . AR T 7K IR BE 1.2 3 J 2 53 7 5 1 9 B 5T
[D]. BEREE: IR/RIE Tl R %, 2005.

[5] CHEN Yanxiao, LIU Shaoying, WANG Gongying. A ki-
netic investigation of cationic starch adsorption and floc-
culation in kaolin suspension[ J|. Chemical Engineering
Journal, 2007, 133(1/3) . 325 -333.

(6] BRI, BXEEAR. 9 @ TR BE AR Dk 3 1TV Hi AT i %
KT HIREFALT]. #KHEK , 2002, 28 (1) : 42 -45.

[7] SOOS M, SEFCIK J, MORBIDELLI M. Investigation of
aggregation, breakage and restructuring kinetics of col-
loidal dispersions in turbulent flows by population bal-
ance modeling and static light scattering[ J]. Chemical
Engineering Science, 2006, 61(8) : 2349 —2363.

[8] GREGORY J. Monitoring particle aggregation processes
[J]. Advances in Colloid and Interface Science, 2009,
147/148 109 - 123.

(9] jrstlh, JEEEw). 4K TRIM]. Jeat FEER T
A H R, 2003.

[10] ZEYBEK Z, KARAPINAR T, ALPBAZ M, et al. Ap-

plication of adaptive heuristic criticism control ( AH-
CC) to dye wastewater[ J]. Journal of Environmental
Management, 2007, 84(4) . 461 —-472.

[11] POERSCHMANN J, TROMMLER U, NYPLOVA P, et
al. Complexation—flocculation of organic contaminants
by the application of oxyhumolite — based humic organic
matter[ J ]. Chemosphere, 2008, 70 (7). 1228 -
1237.

C12] PFPRIA, ZahAE. JRALBES 53T M]. Jbat.
PSR, 1992.

(wEE x )



