BB

AR Aol 27t

n_mo
g

olo
ol

Njo
A

BRHEE H B %=

////{_;‘;_‘— Lﬁ'

WM AKBE ERXRARK

HBRETEH

X ¥ B

2001. 6



o]l RS T8 BB AT /MY,

20014 6Y

BMAPH EEXRE

BRRRETEH
BT REY
X ®

X & el T2 B\ XS EI

20019 64

*FHEEZAR o] & F H
Q

x R z29
.

=

3 A 44 B’



The Flocculation Characteristics of the
Particles in Aqueous Solutions by Cationic

Polyelectrolytes

Chang-Seong Moon
(Supervised by Professor Sang-Kyu Kam)

A THESIS SUBMITTED IN PARTIAL FULFILLMENT OF THE
REQUIREMENTS FOR THE DEGREE OF MASTER OF ENGINEERING

DEPARTMENT OF CONSTRUCTION AND ENVIRONMENTAL
ENGINEERING GRADUATE SCHOOL OF INDUSTRY
CHEJU NATIONAL UNIVERSITY

2001. 6.



Summary
L. A B e e
I, OJEF A s
L. B O] e
2. Eolojofl 2% & DIFIUSE e
3. A BUEE B e 10
4, ZRTM e 11
M. ZAZE QW A e s 13
L. R R e e 13
1) gehddy B AT ML S S o RN 13
2) ool JEAFAHEBYA .o 13
3) BAF A et et 14
2. A M e 16
IV. Z3F W A e e 17
1. RBEZEE O] B et 17
2. SAAM FUBEL] FBY e 20
3. BEE 0] A8 ettt 22
4, O] ZIE O] AABE e 26
5. ARFE €8 B e 31
V. e e 35
VL. B T e 36



Fig.
Fig.

Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

List of Figures

1. Attraction and repulsion between particles(¥, 1998). -........... 4
2. A schematic diagram showing the conformation of an adsorbed
polymer molecule in train, loops and tails. ..o 8
3. Schematic illustration of bridging flocculation[a] and
electrostatic patch model[b]. oo 9
4. Schematic diagram of the turbidity fluctuation technique ..11
5. A typical flocculation curve. - 12
6. The structure of P-A and P-B(a),P-C(b) and P-D(c). ---eeeeeneee 15
7. Schematic diagram of experimental set-up. ....ccccmininnnnnnn 16
8. The effects of mixing intensity (P-A:0.75 mg/L,P-B: 0.4 mg/L,
P-C:0.05 mg/L, P-D: 0.04 mg/L). oo 18
9. The effect of settling time on residual turbidity of each
polymer(dosage: P-A 0.75 mg/L, P-B 0.4 mg/L, P-C 0.05 mg/L,
P-D 0.04 mg/L: mixing intensity: 200 rps: wmixing time:
I5MEN) . ceooeveeemerereresesseeessesssess s et es et 19
10. The effect of polymer dosage on the flocculation of
kaolin suspension(35NTU) using each polymer. ................ 21
11. The effects of turbidity on the flocculation of kaolin
PALTICLES, -rrrrererreerevececresseesessessesesesesesssosesssoesesssssssssssssssssssssssssssssssssnssos s 23
12. The removal effciency of kaolin particles with different
turbidity(15 NTU, 35 NTU, 55 NTU) at optimum dosage
of each polymer(P-A: 0.75 mg/L, P-B: 0.4 mg/L, P-C:
0.05 mg/L, P-D: 0.04 mE/L). oo 24
13. The relationships of polymer dosage and zeta potential
of kaolin particles with different turbidity(15 NTU, 35 NTU
ANA 55 NTU) . ooveeeerrereemmssosseesssssesessssssassessssessesssseesesssesessnsonsssossssessssnsas 25
14. The effect of ionic strength(NaCl) on the flocculation of

kaolin solution(38NTU) (P-A: 0.1 mg/L, P-B: 0.1 mg/L,
P-C: 0.025 mg/L, P-D: 0.01 mg/L). - 28



Fig.15.

Fig.16.

Fig.17.
Fig.18.

The effect of ionic strength(CaClz) on the flocculation of
kaolin solution(38NTU) (P-A: 0.1 mg/L, P-B: 0.1 mg/L,

P-C: 0.025 mg/L, P-D: 0.01 @g/L). «ooooooooomoomoooooo 29
The effect of ionic strength(MgClz) on the flocculation of
kaolin solutian(38NTU) (P-A: 0.1 mg/L, P-B: 0.1 mg/L,

P-C: 0.025 mg/L, P-D: 0.01 mg/L). «rovoooooveeooeeooooo 30
The flocculation curves of field test sample. ..o, 33
The zeta potential and removal efficiencies of field test
sample at the optimum dosage of each polymer(P-A: 10 mg/L,
P-B: 7.5 mg/L, P-C: 2.5 mg/L, P-D: 2 mg/L). oo 35



Table 1.

Table 2.
Table 3.

List of Tables

Summary of characteristic of flocculation parameters for

polymers (Lee, 1991 ). roerrorooeieeeeeeeeeeoee e 6
Properties of polymers used. ...cccooociimiiiiiiiiiieicieic e 14
The change of water quality in Kangjung reservior in Feb,
28, 2001, oot 14



Summary

The flocculation characteristics of kaolin suspensions of different
turbidity and field test sample (Kangjeong reservior water), were
carried out using several cationic polyelectrolytes of different
charge density and molecular weight as flocculants and photometric
dispersion analyzer (PDA) as flocculation monitoring technique. The
flocculants used in this study were the copolymers of acrylamide and
dimethylaminoethyl acrylate, the latter being quaternized with methyl
chloride (P-A of high molecular weight and lowest charge density and
P-B of high molecular weight and medium charge density), poly
(2-hydroxy propyl-N,N-dimethylammonium chloride (P-C of low molecular
weight and high charge density) and polydiallyldimethylammonium
chloride (P-D of low molecular weight and high charge density). The

results obtained in this study were summarized as follows:

1. The optimum flocculation of the particles by polymeric
flocculants used in this study was obtained at the mixing intensity
of 200 rpm.

2.In the range of 15-55 NTU, the optimum dosage of each flocculant
was constant, and Flocculation Index indicating the state of
aggregation of the particles and removal efficiency of turbidity
increased with increasing the turbidity.

3. The Flocculation Index, optimum dosage and removal efficiency of
turbidity by the flocculants of high charge density and low molecular
weight (P-C and P-D) were lower, less and higher than those by the
flocculants of low charge density and high molecular weight (P-A and
P-B), respectively.

4. lonic strength affected the flocculation of the particles and



its effect among the salts used in this study decreased as follows:
CaClz > MgClz > NaCl.

5. The optimum dosage of each flocculant for the field test sample
was higher ten to fifty times, compared with that for kaolin
suspension of same turbidity with the former. This is considered to
be caused by the different mineral compositions of the sample with
kaolin suspension and influx of organic matter from surrounding
environment, However, the flocculation characteristics of the sample

was similar with above kaolin suspensions.



I.A4 &

2 T4 F SR IARE 2 dAE M edd HEY ® ohe
o oM E sy £ 3 - AT Hed HE&Hy e &

Aoz, o FFAM So2E Wi Yt A EE #7189
oy T ZtrEdEde 59 dol2 neAAHAY $HAE
o FHEY AAHE FIANA AA, A} = FAAH 2L F4F
QA FA Futd &) F£F dA £E= A7]IEAE AAGFE Ao

FAeg EREJGA A FUFL Ao AR AYPol F
713 zZ-d2H o9& AR 22y ARAY FF Fo2 FF
HoF ¥ FE9 EA #5lE W 959 FAd HAAY SHAY F
PFS FE A3 HEEAA AZE zH 2 £F AAANE &
& FFHo2Z HYsre A A 7S A= AUt AF 24
#ch(Kan# Huang, 1998).

ANAZA deol A5 ds2 FFHE ARTEL A dRez2H &
A GUEAAA SEHE SHTE 952 AIREA FXES AL - FF
o) oldf ZAFYY AL AYRAPV|E 1850y gEx < 03
NTUSIUZ $AAE FA8A &2 A, o3 2% FAL AXNEA A
FAe @d. a8y I9AdE AFEY AYEARY Fepitd A B
o] AFdAAN Ao Fe eurt ARFdH Ef¢H] o] ¥
(1996~20001d &< &d HAANS 1083]/d) st=d), old B o 50
NTUZ A 713t 7187 AQ F3LdFuES AL $3AHe
3 g a8 gy AFFAA JrdTe] geAAd 8y SPA
o FAFL Azt wel 2A d2g. deM gy $ATAHAAN
Tt AAY 49 SHAE FAFA KXo vlAESHA FAH 43
AIZHE BA 3t Aelge F40] A AuHL e FEE WFA])
A s A9t AF 2% (KanFd Huang, 1998). =3 ¢ FuHA %
9 $Ae #F ¢FvEe]l xA4AvRE S Fddn JE=E 53
7N1EN BFLFUEEEE 02 mg/L o1z AT o] 2 AAMrtew

¥



T EFuFEy B g AFxE dojd e gtk

HeERdYYAA g% 7]1F& 1 NTU (Nephelometric Turbidity
Unit)o]&tejn 2001d 79 14¥EE= 05 NTU olsz B3dch(@3 ¥,
1999). o] @& §xF A& X Jdes EEolx, JAF
9 gxx Yolo} i JAre] gdxE FFed HAZY $3Ho] o|Fof
Aob sted, Y L YFEAAd o= FHA HAAY T2
F=ojof st}

Kan# Huang(1998)& &3 FRAA dzte] &3 FHE ZUEHH7)
8 Gregory(1984)9] <jsf 7ied F=&24HEA7](PDA, Photometric
Dispersion Analyzer)$ UwHAQl -el2HE o]&3td S3HAA PAC
(Polyaluminum chloride)®] #ZA FZFAA ey g ¢ €34 ¥
95 ¥¥ - HE} dF AxE FAREG HF FFe] FHo] FHA|Hen,
A g 9 £8A Fyst @ol M/t FARY ¢ A&FHo|gn
gk aln A  HA FAZFE EAFH AdAE(Leest
Gregory, 1990; Ko, 1999; Kam¥ Gregory, 2000)9 <& 2etx™ o] o
Aet A F== /FFAFE AY 0 o JHda BRusgn o
(Bernhardt$} Schell, 1993; Ko, 1999; Kam#® Gregory, 2000). £% 3
BEEL ¥} E(Gregory®t Guibai, 1991; Kan®} Huang, 1998), ol& 2%
(Lee, 1991) Tl 4% E v g3A Aok

2 dFdE $AHAMZA Jol nEAAHNAE, 181 $IEYEHR
A PDAE ol839 I vx9 7128 G AN 3 43 0|
ANe ANAE, $HA FUAF L o)2AE S ANE YT EF} o]
B Yol nEAMHAL o83t Y HEAH L AEN] AdA A
F 394 ZAATFY #dHE M-S ol 839 HESNAT



1. 33 ol&

2Re 429 Y Yol A3 S FFo2 XA
ANA YA BAASE Fohatd BAstd YAEL M2 TAA =
zRozA ZAAZ o& G2 L L84 A AR BAAAHL
2 o)olAEZ AHgHx Yt} o $AFTHAE $}9 HES TV
A7)7) 9% 2aES 2R & 27E FUHAINI] AP E5E8 ¥
Qo] gt oy F&£EHE FAAES CAZ Ul 21T AN
da Ao $HAAS AL Yol AAHA F&EESHE 6% T A
AR ol= $AAN FFo FUHA #E AL ol sk AYE
o] AP F ZZol= Yo FAFo AVHA BAREE doT)7] |
ol

EAQ Zzol=e $HPolgo 2 BEA o)gH Ay o|FF &0l
o). A o)ge RE Zol=g satFEo] oj2sHUA A A
1M AHE QA H3, TYY A} gpHoz g Bt
. A7AH o]FS olge 2o AEol fA&dN FAA H7A
AsE oA 99, A71H 0]FEQ A (stern layer)oll= F2olE W
z9lo] counter-ionE°] H$ ES WEE EIXHA H: HE
counter—ionS& £ ZFo} TAZ(diffuse layer) 2 BT F 39 #
i SA= §4F ojles9 Fxd o FAH colloidd A7I= M2
gae njxA B3 Aoz LA Utk nAZH FAFT AAAS
potential & zeta potentialol gt 3m, o] ol o™ A $3o] ol FoiA
3 Eow o] Yojutr] ojHANT

gurxg oz $yo] dojuts wFHUF L AVA o|FF U= (Electric
double-layer compression), &% ¥ 39 F 3l(Adsorption-charge
neutralization), 1A & % (Enmeshment) ¥ &2 7ti=-§ (Adsorption
-interparticle bridging)9} 472 439 <+ gt



@ M7)H o]lF =9 <& (Electric double-layer compression) : F20]=
e dtgl MEE 7bR JAE wuA HE EWe] FA4sEH EXRASA
doh o)A A$ &3 AdE o9 Astdl wet F3eo] Aozt A =
th % =W ge oo Z2ol=E BUAE AvlEd oY Na', Ca”,
Ao} <o) Wl zbzh 1:10 110 %l

gl AEE 7bR ol 2ol o ERANE dE AR/ e WA
o]FZ o 7Aae os AT EL ol FEE FE ERol= EFRA W
gog txaA HiEd, o %o FE3 ¢FsW van der Waals ¥ o]
AF el gl AN AgS vAA HH & Y& Ao H3 Ay
A& o A ok(Fig. 1).

A

Inter-pacticle repulsion

Repulsion

Force

Particle distance

«—— Van der Waal's inter-particle
attractive force

Attcaction

¥

Fig. 1. Attraction and repulsion between particles(¥, 1998).



@ ¥F3 9 A3e F3H(Adsorption-charge neutralization) : ¥td o] &9
e 220l EUAE Y F37t 7Hsdty, o2 Udto FRol=3E wh
g3zl 9] A7 dojut wE $3o] olFoiAg. FRol= YA I
Ao FHe ALsd dojd £ Jon o] g vkt oA FHL t}hA
A7 A Hel F2ol=t ANASIL dojdrt

dutd o2 iR vyt 84029 ZE FHE st EAHA F
& oyt 2ol ZFAUANNY Fol ¢ A&AHoln, FIE HER
A As HAde 9do] HrlE @rhH(Matijevic ¢+ Jananer, 1966; Weber,
1972; Stumm3 Morgan, 1981).

® AAE $7%(Enmeshment) : Al(SOgsH FeCl %< 54599 $3A
7t B&odA FEFARE(AE E9, ANOH)N(s), Fe(OH)s(s) & FAE
F AEE FEF o] fAld FYHY, SRl YAEL FE5FUSE
o] A7l TdolY A7 Fo FEIH TS A g3 o] I¥EH
o]zl 3 HAE “Sweep-flocculation” oletx dth EAs A9} 4
SAZE Agd old =&AL FHunt 3, FAH, 4% FAHo dAHe=R
AE AFHAANA gro} £E /7184 (DOC, Dissolved Organic Carbon)
g AAs =Y F2 AHEEY T8 77 SAAE FEF I JAE0
A7 g3 B2 &3 &S FPAIA RIjEE dvtHos I
gro 4xg siAE EE AHsde F45u9, S, JA, 934 A
AR A ATrAE FAAME AHEHA de=H

@ &% 7b32§(Adsorption-interparticle bridging) : W¥ e 7t
182 o)t FR % BARRE Fe BAFL AR Y= Y
of oJsto] Be YASol FAWoz s LAHT F, 2ot BA
Zevo] W29 W, Eve 48707 Ao R FAHD Fofshe
487 450 WA o vet g 2rol= BAo EYu Hof 9l
£ Agrle) o] dold AS EYn: Wy A9 sug Yok
gy Eue W74 2359 BAAG Gol F23 1 stug o
& 9= Eduolojol @ Rold. AN A=W EWY FHE T3



A Qlate] AR E oY F7t AUtk BEH L o] Ev AF
o Z4s= AARL7ZA YAAtolY tuF Lo JEFE vjA= Ao
o214 glthBlack, 1965 Lyklema, 1978, Dentel, 1991).

2. Eevjq) 4% 3 wisiF

1950t Fura g FAed /7134 EI AgHAA g &2
o] 28 EAL Zxv(monomer)d A3, Ad1FY FFH, AIddE, ¥
A% Y FAY L ) mE} e A Bhlee, 1991).

Ao AL ZevEe 2rrrt A3 58 pA¥H2 dFHo 3
o 7]%IE(functional groups)ol T Ao wdso FAH(FI
Zo) gAsH(Yole Zan) T FAM ol ) HA Aok F
Zu] E40] AsZFs 2 AuAgd oF d3Fo] dted= Table 19
et Aot

Table 1. Summary of characteristic of flocculation parameters for
polymers (Lee, 1991).

Parameter Charge neutralization Bridging
- little effect .
Molecular . - high molecular mass more
- very high molecular mass .
mass . L effective
can give bridging effect
Ch - more effective with high - more effective with high
arge
-g charge density because of charge density because of
density

greater neutralization effect  expansion of polymer chains

- near zero charge
. ] - usually not zero charge
Optimum - dose proportional to the
dose total surface charge of

particles

- dose proportional to
particle concentration

tabilization due to ch - restabilization due to no
- restabilization due to ¢ (S ; .
Overdose ae vacant bridging sites

reversal )
available




oo o8 2zo=AY $US BIAP APoz WA Evst o
Ao Fg T 370 dojubsl N0l Akers(1972)E T&e) GAF A4
S} _
@ E&w 29 oF
) Ykl Eaiw Abee) F2
© YAkl F2Y Eelm Aee) AN
@ Y 222 AP EY9 ¥4
) Y4Y Eg9 B3 |
Ao Eavd 9% $UAY oM F8 AAUZo2A F
N g =UdFAMY AeAA= A9 09 }e Ehdth(Leest
Gregory, 1990). E& AMSAA 5% 2NN Aste] ddo] Yojdrk
(Lee, 1991). 220l Yat= Zelvle) Fo] oo B4R Hn o2
A $AALS F /A Rd2A g 5 A
A= Eelue) 802 Fig aldd BE R npAztE Ea
o BRe @ A olde) Axtel FasA =9 o) s g 3
dAUZ ol wet AAmagd 9 S0l Yoy Y@ 21 FAE
Zouz e YA F¥e A7) P 28 dol9g AEe AUx
glojol 3 TE Yl Zem EAsL FRHA] Fe FFo| TR
ZA5dot ¥ (Ruehrwein® Ward, 1952). % M %o} 7hazrgol
olzojAThA Wt S 2o st 43 Ao ojd YA Yol
#78 & Ut Black 5, 1965). Wl YT B Fein) Fao] o]Fof
Aty sfuago) BaElE WA dud. Pelssers $(1990)2 F3d e
2ab7h AZo) Aol we YREHA shzbel Rkl YEHE WAL
2 s, FASAL Yxe AA/NH wad wo B A5 AR 7
2Ag AL YUY HYch YA R FAY 2e Ben F
Aol glolq Ean] o) A4S ulg FREA gy AWHo
2 AaAsd o $4e ¥ BAFGUME A 4y Evid 3
of EAHLZ o]FA, o] A% HFE loopsd tails(Fig. 2 & ot
e A4S BeNoz PAAIA Uk EP, LA $3o] Yo



AT AP FAZF HA7E A8 2o FUZol HE B9, A L
w Zgo] dojd A= FEF Evrt EAA EA Hu HFe E
g FYY A dAEH W Fhol TR FA =Ho Fovizt
FaE YAl g FHo] A dRE AAAEHIE oFo|AA o

o loops

tail

trains

Fig. 2. A schematic diagram showing the conformation of an

adsorbed polymer molecule in train, loops and tails.

A4S M7 PatchEEd2A 7tz 8o v gz 3y Faid
Eeo Fx9 FAA oA zolE JErATH YAt FaE FEE o
ol YA HWo] ZHAHOR HYY ¢ v SHIHE JYEIHA HY
(Gregory, 1973), &9 A3 E 31 Y& YAFHe] SAH3}E Wz Ue
€ A% FEF H ¢ Fig. 3[blet Zo] &3o] dojdth o9 2 &
HUAYES Lt 28 M E A8 A9 Fa3A FES
gk ke $3 e EEuE FYsE A doddAE gt tuag
# HA71AH Patch Zdol] Ao §3ol dojubr] A& U=l EalH
7} 3o FE3] BEXAI ol Rl F AL FEo] dojok 4.
Eoo & dze §Fol dojd o Aol FAE Fvie 3A4
coildll A A 2xt9 FAEF coil2 WA T (Lee, 1991) ol g ZEao
of Mujdol dsire A9 LA UAA F



[a]

S

(b}

Fig. 3. Schematic illustration of bridging flocculation[al

and electrostatic patch model[b].



3. 83 2UHY ¥

#e Qlatel] o3 AdHE Re EAGoZA HEHAY FEYE =
UE 8 4 Atk 2] Ao s $HALE 2UHY 3t e o
MR o2 37k fow BEded ot Atede Zxst AdHE Y
759 ¥4 2 =A== angular light scatteringd, F3%39 Al71& &3
&= X 234 183 Gregory® Nelson(1984)o) <j&l /i€ PDAY
o2 ol £33 BFxeo WEd 71U Aol

PDAE &do] @ WE s2% T A7Ie FHFS A7 3@
e ZAog Wz AL ojfsE AoZ(Fig 4, FAYAE AL
=33 Qe 2EE F diodedZ7INN AEHA o]lF WA AZ=E u}
FojN A e uetdt gL FGAe gSxs} @AY, TR
wo] HFZE0] #23HE DC(Steady component)$} Yol Fisle
dule] YaFrt FRHez W] WEA A= AC(fluctuating
component)2 YErd % 9t} Fluctuation signal(AC)9] Bl Wy EF
Hal= HF ACHS AAR(RMS, root mean square)Z °] &< Uz &
2o AFZ ol wi WaHE 540 Ao
RMS¢$} Ratio( rms/dc)@te €29 AEE Uelle g2, $3A9 A
A zqlade AR HEY £ AHGuibai$h Gregory 1991).
LAY Agolo] A$ Ratiogte th& 2ol #8E & UtHGregory,
1994)

Ratio = ( L/A) Y* ( ZNC?) ¥ = RMS/DC
: Wol st Zo] (tubed) A7)
D Wol R3aE FATGUA (tubed] TRAH)
D EAGRY GE e 9AY
c YAt Yo A g

oz » -

webA Ratioghe QA7 A&5E Fopas, $Hstel dxe 2717t
AN F7hsA 9o

10



a) a stable suspension

% Y ‘u/'\*v&\,ﬁv%f\;\HMS
A °
[\" Z: I DC
Light .°| Detector
Source | o
>
L Time

b) a flocculated suspension

8 Oosomws 0"° °0°o°° <

Time

Fig. 4. Schematic diagram of the turbidity fluctuation technique.

4. ¢H =4

PDA° M #A =& Ratioghs 4ztel S we} mzts urg
YEtW Z 2 ‘Flocculation Index’ 2t1 E2l&th Fig. 55 35NTUS 71
Y dgdo & g AlE " P-AE 075 mg/{ FUYY A Y= &
Axdes 3A 49902 R F Ak AL A7 B3

to

=

Aol FRe ol Zoirt FASA Fo} AR} 5L FUiPE $3
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o] HA % AIZM7HA Z(lag phase) A7t @& Flocculation Index®] ®
37t A9 vedA g 9oz, untxdd mg 2t F uwki
27t 248 A9 Ropxd BEHdAAE P-AVF ¢ ®ol {lAtdl &%
53, FERE] T §3 o] AAdd wa FIgS J&3A F7t
o, CYHAME §3HE =7 A8 Flocculation Indext /Ao 2
F7HgE Holx glon, Huo FIEEE Yeie v ¢S FH
o] B4, dAtsx 2 LA oj2gxd o& AAFEHLee, 1991). Bt}
Be Eove FHo= & §HEEVE 2433 Flocculation Index+
Ao AT gl =2 ¢ AAJTHDIY). 2 FHFo] dAS
Bttt A7l7le) FEE Fo] opdete EL Enid] FF, uwtx
A9 E9FAE o A A7|o st Aew 4 A Avh (Lee,
1991), (Lee$®} Gregory, 1990).

N
(3

N

15}

Flocculation Index

0 2 4 6 8 10 12 14 16
Time [min]

Fig. 5. A typical flocculation curve.
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m. Als 2 94y

1. B

1) AR

et HE Kkaolin powder(Aldrich chemical Co., USA)E 105 Tl A4

2AIZE o] AXAN F 50 g FHI}A FHSF 400 meol ¥ YAE
#A3) A ER 39, NaOH& A& o]&3t pH 758 A3t 2
g3 A wwt A1) & FHRTE o AFE 1 L2 o ddgd &
713 24A3 o} WAF AS5F 600 ME FHdd dgPAe IHFAo
Particle Size Analyzer(MALVERN 2600, uk)2 =3¢ d=gde =t
A7) 533~6.18 m (B 574 m)old, s Hd 2872 g/ L oAt

AHEE YA AP HAPre} vk FEZ 15 NTU, 35 NTU
a3 55 NTUY 958 7IAEE zA%7] & 4 ¢ f &7
kaolin HEYN 124 me, 286 m¢ 133 45 mE L3 0.IN-NaCO; 40
M THFTE ¥E F HN:E o] 83t pH 72 =38 AFS 4 1 &2
T F AP, ol g5t

2) gl nEAAAA

AbEE dole nEARAIHAL Allied Colloids Ltd(3A Ciba
Speciality Chemicals, uk)ol <& #AFHA oA L acrylamides}
dimethylaminoethyl acrylate®] copolymer©]i ¥ 2}7} methyl chloride® 4
7 4=2F ¥ddH= ¥ P-A%t P-B, poly(2-hydroxypropyl-N,N-dimethyl-
ammonium chloride(P-C), poly(diallyldimethylammonium chloride(P-D)9]
o 2AAESY P-A%} P-Bi= 47 0.1 g€ methanol 3 méol] <9 ¥ A
F2 100 miZ 33, Y42 P-C (50% active solution)® P-D(40%
active solutiom)s z7H 02 g, 025 g& Haled TFHEE Pol AFL 100
M2 ¥ o 83 AT EFEHAT. AP A olE EYWE FTHRFE
M st Z+zb 001 % 2 0001 %8RS T AR} AN, agingw A E
neste 1FYnich A2 whEo] ARSEAT 2F A 4A L Table 2
o, ¥A4+2% Fig. 69 JeliAh

13



Table 2. Properties of polymers used.

pbmercadoic Tmas m
P-A 20 2~3 X10° 110
P-B 40 9~3 X1(° 140
P-C 100 3~4 x10° 70
P-D 100 3~4 x10° 70

1) The dimensions of the polymers in 0.5M NaCl were quoted from Lee(1991).

3 AR A=

B Agd] AHgE #F AEE 2019 29 289 FF 244 HgE W
23 ZA5UQ 459 EFY ANEER, FF 2719 287, 49 §&
29 54 0g 3A AFZANM AN8E AFaAch o) @ ZA HFZ
A AdEE 239 £AUsE Table 30 YehAAS

Table 3. The change of water quality in Kangjung reservior in
Feb. 28, 2001 (precipitation : 46.5 mm)
3% w9 1A [ 2[3[4 567 |8[9[10/1112

AR Al (TF| 2 o rl e P AR #lon o
pH 75 | 68 | 66 |63/63164|62/6363[6466]69]69(70
Turbidity| 02 | 347 {216 {132/95]74!55|50|45|39|33(25)25|23
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Fig. 6. The structure of P-A and P-B(a), P-C(b) and P-D(c).
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Fig. 7. Schematic diagram of experimental set-up.
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Fig. 8 The effects of mixing intensity(P-A : 0.75 mg/L, P-B :
0.4 mg/L, P-C: 0.05 mg/L, P-D : 0.04 mg/L).
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Fig. 9 The effect of settling time on residual turbidity of each
polymer(dosage: P-A 0.75 mg/L, P-B 04 mg/L, P-C
0.05 mg/L, P-D 0.04 mg/L ; mixing intensity : 200rpm ;
mixing time : 15min).
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Fig. 10. The effect of polymer dosage on the flocculation of
kaolin suspension(35 NTU) using each polymer.
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Fig. 11. The effects of turbidity on the flocculation of kaolin
particles.
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Fig. 12. The removal effciency of kaolin particles with different
turbidity (15 NTU, 35 NTU, 55 NTU) at optimum dosage
of each polymer(P-A: 0.75 mg/L, P-B: 0.4 mg/L, P-C:
0.05 mg/L, P-D: 0.04 mg/L).
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Fig. 13. The relationships of polymer dosage and zeta potential

of kaolin particles with different turbidity(15 NTU, 35
NTU and 55 NTU).
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NaCl& 27} MgCl, CaCl, Bth 68 B2 4& Fdsjout $go] dojd
< ¢ F JdANT, 7} salt] 42 HARZELS CaClz > MgCl > NaCl &2
2 vegd. ol Zt 349 AR, A, W] arjd o A
7SR EY NEE7 a1, AsFe] A0, yHHo] 2L o] gatFatd)
A olf WEQ Hoz ALz drh(McBride, 1994).
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Fig. 14. The effect of ionic strength(NaCl) on the flocculation of
kaolin solution(35 NTU) (P-A: 0.1 mg/L, P-B: 0.1 mg/L,
P-C: 0.025 mg/L, P-D: 0.01 mg/L).
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Fig. 15. The effect of ionic strength(CaCl) on the flocculation of
kaolin solution(35 NTU) (P-A: 0.1 mg/L, P-B: 0.1 mg/L,
P-C: 0.025 mg/L, P-D: 0.01 mg/L).
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Fig. 16. The effect of ionic strength(MgCl) on the flocculation of
kaolin solution(35 NTU) (P-A: 0.1 mg/L, P-B: 0.1 mg/L,
P-C: 0.025 mg/L, P-D: 0.01 mg/L).
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Fig. 17. The flocculation curves of field test sample.
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Fig. 18. The zeta potential and removal efficiencies of field test
sample at the optimum dosage of each polymer(P-A: 10
mg/L, P-B: 75 mg/L, P-C: 2.5 mg/L, P-D: 2 mg/L).
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