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Study on the floc size and structure of cationic organic polymers by using small-
angle laser light scattering
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Abstract: The flocculation kinetics and floc structure of kaolin particles induced by cationic polymers were studied by small-angle laser light scattering
(SALLS). For the high charge density flocculant polydiallyldimethylammonium chloride ( PDADMAC), the initial flocculation rates are slow due to its
low molecular weight. Restructuring of the flocs occurs in the flocculation process, forming smaller and more compact flocs while the fractal dimension
increases from 1. 83 to 2. 09. For the low charge density cationic polyacrylamides (PAM), which are high molecular weight polymers, the initial
flocculation rates are much higher due to their high dosage and molecular weights. High adsorption potentials prevent the particles from entering the
interior of the floc structure, which results in a more open floc structure and a lower fractal dimension. Together with the residual turbidity and zeta
potential induced by these two types of cationic polymers, the results show that the flocculation mechanism is mainly charge neutralization for the low
molecular weight and high charge density polymer PDADMAC, while polymer bridging is suggested to be the dominant mechanism for the high molecular
weight polyelectrolyte PAM.
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1 3|5 (Introduction)

HETEIRS TREMNGE ERTERER
B ERMKAEEERNK T EBEIE . FX
RATERGESE ST RERR, w3 LR,

ESWMB: EXAEARMERLSEEIN A (No. 50578155, No. 50678167)

B EBRMUIESESEHARCERS. HFXR,
X PH B 2R BRI B SR AE R R BEHLER BT AL R
BT RBEF B BT IR (Tian e al. , 2005). 76 R 5
SRS, REHFERNCEZRRNERBRRMAS
RE&ILZOEMHEX(ERTS, 2001; ERNE,
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2003 ; HF%, 2005 ).

A M Mandelbrot( 1967 ) 7£ 20 fit 42 70 LR H
S BEig (fractal theory) J5 , 22 A EHIEH R EF
BHREWER, WEKNELSH RENEESFC K
NEBHRPHBEFRZ —(ERE%, 2000a;
2000b). B F Rk E A B KR E S5 E KR
fif , 45 A Smoluchwski A, AfJRETHEZBER
B K A (Lee et al. , 2000;2002; Li et al.,
2004). YR RE TR LAWK R E (M) 5
MERE (L) MERIEEL(D)RRN:

Mo L” (1)
StFERILILT, 5 D, =1,2,3 B, 2 HI RN —H XK
L CHERAMEZRERHRXR X TREE L
IEM YR, D AR H, B TR JERR L LA 4. B
FoaEe xS E BRI IE R RKAM K EEE
REBHREEIYHRIEEEMBEKEHIIR L
B % (Li eal., 1989; Spicer et al., 1998;
Chakraborti et al. , 2003). HRTHIBFRE F ik R B FK
ABMBHRER, # LB RS T &M (L e al,
1989; F BEE %, 2000a; Chakraborti et al. , 2000;
Kim ez al. , 2001 ) , 33X b 38 1F 75 35 R S B IO B 2
BERHERE, TR EAREREEFHREMN
TREHBEEN ST ER. B BRGMFERR
Eoim BB K.

BT, /DA B EO6 Y6 B ST (small-angle laser light
scatter, SALLS) S A7 E NSME B T Al K&
MrrEEH, My AEKEERPHRERELE
BRABBA S KEREE S XAE YT K
PR ZEARB AR RRER 2RS4
B A4t (Guan et al., 1998; Waite, 1999; Biggs
et al. , 2000; Bushell et al., 2000; Wu et al.,
2002; Jarvis et al. , 2005). 2R, X FFHE T2 &7
EEBEIRS, FERNREREMEKREHFRA
DA RE. X, A SCHF R K AL 3 H F Y 2 Fh i % BH
BFEAOTAENEEAN(RAABRBEME _FE_
HAERMAE) NIRRT ERWRETH.
B HE 8 AT T AT N zeta BB XE R JR) R B O B
ERZE ;1E A SALLS 7R 4R lE T R Bk 2 A R
HEMEER R ; 75X RENE R ER
HEWEERER ST ERIHTHR RE BRI
F R T 2B B 5 1 BT 7™ A B0 R TR) 2R S AL 2
L ORZ TR K 5T e B R T

2 HRE5FEFEE(Theory)

E/NRIBE SC LS P, SO HGE R R, AR R
PPN ESBH LR LAXER, B RE
(DE5BHRB(QFE—ENBHEXR. BHRE
(RN FHASMBEH AR ZE, TURS K
(Guan et al. , 1998 ; Bushell ez al. , 2002) .

Q=4n'nsir/1\(0/2) 2)

Ko, n AT HHEE, 0 B A, A AL
EEZPHEK.

S FAEE ST 8 BORDR R BUAHA R, B R
(D5HHREBE(Q) FESEEK(DH)FMT
KE:

T Q" (3)

ST 4R 30T S8 I BN 5R B S EUH K B X SR
WMELXRZITEA D, MAR K/ ET KK
£ H (Mie theory) M.

3  ##IF1A i% (Materials and methods)

3.1 mAEHER

06 1 TR ORI YK R . FREX 2008 #5084 +
& T 1000mL £k &, & EH H 15Smin, 3 H A
Imol-L " EEHIHH pH £ 7.5 0. 1; # L YT I
24h 5, MEERBR, EREIFEWRE N 68.75
gL' B8 B ud 1 ¥ 6 BB (Y ( Mastersizer 2000,
Malvern CO., UK) Jil F¥H @R b Z£ 4% 1. Oum,
zeta HL, i/ 25 - 60mV ( Zetasizer 2000, Malvern CO. ,
UK).
3.2 MBFAIESTERA

TP AMEETREN, >IN ARNE
Bifk (PAM) MR _ R E_ M N ZE &L &
(PDADMAC) . Fist ML BRAFRKXES TR
M %, PDADMAC( KRG R® R AA ) B AR
&5 7R REEN, B f58%E A 100% ; C498 Al
C492( Cytec industries Inc. , USA) R TR E
PR B, BT A & E 25 R 55% F 15% .
3.3 REXR

EHMAATEKHE 1.45mL &0 + 55 4 & i
RS 1L B4igKd , H 5 NaNO, 71 NaHCO, #y #
R 1 x10 "mol- L' LI, A L MW
BEH 100mg-L ™" 5t FRARABRNHERE, KB
244 200r- min " 4R E P B 2min,40r- min "' 18 B HE
# 20min. FYLIE 10min J5 R R0 E. REHR S
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2 ¥ W 27 %

WA, B 25mL W] zeta B fii.
3.4 RGRELAIEMN

FH Mastersizer 2000 ¥ Y& b7 B 75 28 00 & B KB
RMEEEN. ATESHB T HERSIE, 25T
R EEMEH O0min. BRMEENF, ELEHE
(REZMEREARAA) € BHBKHEHEAR
JERLBE SR dh P i AT R BETE LR MW, 3 B it B ALIE
FER. BKRKEBELE 1.

|HR
o L HHEAL
i1 BOLRLEN
Bl REEETEE
Fig. 1 Flocculation experimental setup

4 %52 (Results)

4.1 MEFERANEERRLK

HETFEILES FRENWEMEX &Hik +
B R S ok BE R RO BB v L T 2. A 2 RS, R
RIFEFESFEEAN S L ERNERITR
BAML. ERE LERPMALENG, zeta B AL
BWAE; HHK L zeta BAREHEAMKTF 10mV
&, AL AT 18 FIAT,3 MR R MM
s EREFHH R, EERGEH ML
MAETHRZRN;#—-SHMBEE, FRY R
EEAHALRE, REXAR, B L ERERRE
EIMHABFERNERNABZINETRAR
AL X FAR S F & . 5 55 % B Y PDADMAC X
WRERARRNO0. 15mg- L', M =ERENRY
BVWE, 27 0.10 ~0.20mg-L7'[0]. ¥ &+ F &
B8 0 e A 2 BE R AR, C498 A1 C492 HEER R
B4r91% 0.40mg-L ™" H1 2. Omg-L ™", XJ Bf B 2 8878
B4+ 5% 0.20 ~0. 80mg- L™ 1 1. 50 ~ 2. 50
mg- L™ LA, HEFES> TR TREMEH
FEMEERBME LA EEY W, HE WX S FH
FEHLE AR
4.2 REEEEKE L

B3 RAAREENERESR P RERAZKR
/)N BE B E] B9 7AE 4. B A R 28 8 2 7 B (8] SR A 30min,
DMEEIF B R s a8 3 HEERARE
ATEBABRAZEIEN TN EE %

~0— Al —~A—zeta B

T T T
a.C492 11

Ll
5 e
g 120f " 1° >
N | / 1o §
% %0 4-20 5
3 a ]
& " {30 g
= L. {m) b N
" 60 \CI/ 4 -40
3 A L
30 PP TP UANPURY SR T
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Fig. 2 Effects of the dosage of cationic polymers on the turbidity

and zeta potential

R LB L.

ME 3 PR IR, PE T 2R B 9 2 8 R
AR AR, X F &2 T 8 B 5% A
BARE CPAM S, X &k + i A SR SR, B Ak
BIARSL B A 3 K. X F C498 , 78 2 B K L 1Y A0 1R
Brie, REER N K E SR MW AR &
BERHREM T (0.40mg L") BANEEE RN T
2 FP 2R B R 0 B TS B oK L 2R OB AR
BK, K2 150 wm. X FK B3 % B ) C492, ik
TR E AR BB B KR, G X Z#E /D, B R
BRESHERENERANEOREE R XAKEL T
C492 MBI B K, B 5 T R B 5 H I8 £ FOkL A
PR R B OB M BB AR TR R B AR X T
PDADMAC 7= 4 £ $E i) BT A B 25 JE B 9 (0. 10 ~
0.20mg L") , LB, RIER MK LR
8. X FRAERERGR (0. 15Smg L), EHHE
7E 15min B B35 H KME A4 100um, 3 B 75 B #2y
BTEERNEEMBARZINBER MEER
HRT SR BE RN BE AR X AR, BT TR A R K
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S A% AAMEBEEBAMERAEFANES FTREENNRERRMB AN 13
200 [~ & C492 22 I PDADMAC
B o 1.50 mg-L-! [0~ C498
g 10 aqa P . ;(5)0 mg.li—l g0 LA C492
a - 4@“32’4 4 3.00 mg-L!
P, \4 - B
% s 4&';‘: oo & 18
® [ AR Smn : b
L <? <4 M@&%W 16 |
0 L ! ! } R _W
200 — b.C498 S 14 |-
., ! | L |
F 150 [ .’:o\, ; ; 10 15 2 30
2 ’ M4 REH MMM EAHEL
B ol P o 020mgL™ Fig. 4 Change in fractal dimension of flocs with time
o ¢ 040 mgL™!
o i P 080mgL!
200 ¢ PDADMAC 5 i¢}it (Discussion)
1o GESTTES SRS Nob LT £ i
éloo i 2o @ Bt AP YR ERER. X TR B
210 P ey O BLEG 4T RO 0 5 A R, — A
* %0 “ e FEE e SRR I 2R 47 2 R LS. B S 2 B e
oL e, g 0N mel? BB zeta HLRLTE , TSR P B0 B S 5 0G0 R0 A A
0 500 1000 1500 2000 -10 ~0 mV f&]. phAt, B A R R E B HRK. XIF

t/s

H3 HEFELRS FREANKERKELYKE
Fig. 3  Effects of the cationic polymers on the evolution of

floc diameter

/N AIFEAR B 25 8 (0. 10mg - L™") B, B {8 76 B
F b9 30min 38 8 I 6 1] B2t 5K 5 S48
4.3 REEH

ERRG)XR, THEBHEREHN R R
AWER B4 BRT3IHBATFTERNELBE
2GR B AT S BORE B (B B AS Ak I HERR B A
AR R A T B T R — s R B
B AR

B 4 AT E P T W B A X Bk
M B . /N T (B W A % i) PDADMAC
BRI BB 42 P 7 35 B P 4 U , L 4% Mo B S B0 4T
BT, HE AL EBUA 15min 1 1.83 B0
F| 30min KK 4 AT B 2. 09. X L85 B PDADMAC
Pk K HOSRBURE. T 2 R CPAM BT 7= Ak B 4
5 PDADMAC #HE, ZBUH 2 A ARIZ 4k (1) Bk
+ EIKGHIFE [Smin JFAALA K, C498 (R57E 1.78
LA, CA02 FE 1.64 £ Q) ERBFRATE
Y 5V B 7 T ORGSR A 4T 4 BN

ARUGER 3 #FHE TH LR O 7 2B X R ik -
B ZREER TR P AR LB =4, O (1) Y zeta
B (L P4 T BT B G WY B AR 2 B 5 BT R T Y
HAEEFAFEXKENEBIXRER; (2)EHEET
Y L7 0 R ARG, SR RV B S BE. Rk, W A ke
T CPAM R EF i R EEAE M, BXt T
WAL C492 BAFEATRER TR KBV
R, 28 A2 RS AR AL Y R Rl L B B T 4R
PUEE i 22 3. 2R 0L A2 28 A B AR 2 B Y 28 1K B e (]
ARAL KT R 4T B R R AT 4 9 PDADMAC, 3
orF 5 2P HAR R M FE BB Y R T, T P AR
I £ B 7 B S 2 TR AR, X X K AR Y BURL W L AR B
WA K, EAZ (61 i BB Wl AR 45 A T R 8
A HET RS B R Z K. T, B 3¢ P ERKRK
RERGNMHN  FRRUEE LBRE, &
LI R ) X R ER R B R R M X B . A S, |
PDADMAC 2 EETH A i) 28 1A 4k T 18 S 358 4 19 37 4]
AN BEBREE NN PERS, EREIRPE
EEm BT, ETEREMTF LR
k. MR, 4T BKE CPAM 2IRRFER, & HRE
W B FE R U B0k b i B X R R BRI BB E
BERZ FHRBBRNNEEER. B, EWH R
BN EERNEESEMBMRX, B RHE
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5 OB %= % # 21 %

f&hif2 e PDADMAC W KT £, XXt T C492 R
RERBE BRRAREKNERBIESEL T CPAM £&
TRMEFRFR=EREN. B TFTEENSHE
550k o % (] IR B SR B AL B AR T 3E B B BORL 3
AR PNER, BT 3BT 5E 0 JF BR824k
. REdRD, ERSEERRFEAE, RALR
HELRET TS E, HEWRAREEAN
HEF X WIESE CPAM K 38 B8 22 8 1 1% P 28 #F O X
17

6 %t (Conclusions)

1)%tF PDADMAC, K& E R/ .4 T E/ND,
BRABBEMBRE R, BHEER. S TERHM
CPAM , £ 74 8 7 [ A B 7 9.

2)CPAM HE 4 F B K, 2% KN 3 B A X 8
B, 3 BB B R R H R B K.

3) PDADMAC i i 6, o #14E A B 7B )L B0 2R 4,
EREIBFELAEA BB EMEL, 54
EE F. CPAM LU 4 F 45 WM 38 87 BT 72 B i B 4%
SN TR RRAR B, o 4 1E A

4) /N BE O DB BOAT FT L 7E 4 M ) 2R o R
PREERREERK MG RIEESH, B—MHRE
BHEFNFRMG .

BREERMT - EAA B B L AFAR AL ARN. 8
WEERTHRAEARI BRI HER, AR LY 5 TR
WORHMEREL HEANKERAPERALEL LA
EFEAK.
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