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Relationship between optimal coagulant dosage and zeta potential of colloids for
Coagulation of Natural Turbid Water

Student : Chenhon Lai Advisor : Chihpin Huang

Institute of Environmental Engineering

National Chiao Tung University

Abstract

The zeta potential of coagulated particles is commonly used as an index to
evaluate the optimal dosage of coagulation in water treatment. However, the qualities
of raw water taken from surface turbid water by water treatment plant (WTP)
fluctuates immensely, resulting in variation of optimal zeta potential zone for
coagulation of different natural turbid water. Therefore, there are still many debates
on determination of the optimal dosage through the indication of zeta potential. The
goal of this study is to investigate the relationship between optimal dosage and zeta
potential of coagulated particles for coagulation of natural turbid water. Various
natural turbid water samples were collected from HsinChu WTP, and then each
coagulation test was conducted by PACI coagulant through jar test to determine the
optimal coagulant dosage and corresponding zeta potential by a zeta meter, in which
the residual turbidity of supernatant after sedimentation was measured. Various
parameters of raw water quality were further measured independently to study their
effect on determination of the optimal dosage.

The results showed that turbidity and alkalinity of raw water governs the optimal
dosage and corresponding zeta potential. The optimal dosage almost occurred at
neutral pH and increases with increase in turbidity of raw water, in which the optimal
zeta potential for turbidity removal was rather positive. Furthermore, the relationship
between alkalinity of raw water and the optimal dosage is strongly affected by
turbidity of raw water. The optimal dosage increases with increase in alkalinity for
coagulation of low turbidity water (0~50 NTU). By contrast, the optimal dosage
decreases with increasing alkalinity for coagulation of high turbidity water (300~2700
NTU).

Key words : water treatment, coagulation, zeta potential, turbidity
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Aok PRk AU A FELT RGO BT AART L A

FORFHE MR SR 0 3 A BT A B o L eh
x4 p 1 A @ L Eoxsld b R EATH A THA LTS

dosld R ARG A A PHES BRE SN B 4ok A

BRI BT ApR i @RS R ERECMIRIFARE R

RABTHRE »» AT LR 52 REHT L0 Tl 6
2 p BRI AL T4 o BE P RRR ERIERRLY

R AT B AR R 0 YT TR A S SR o
KZ]:‘ o ﬂaa ’ R r‘.’r‘!;fg .-xi'r,:,_ y L 3@ iz—;r, 25 4 %é == 9 (Reynolds and Richards, 1995)
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WAk o 2500 LG R T AL G s - AR
» Stern layer(s* fixed layer) ; SE ¥ "} 48 & & i - 241 T
Jeerk B € YR i 5 Gouy layer 2 diffuse layer (4% & ) Stern layer
% Gouy layer £ H# T HA” LB T4 5 P E G T TR ER

i (zeta potential, ZP or ) Swyeretal 1999,

FETEET 9 AR DRI BT (B f 0 T LBy
BB A TIHAEZGF G RN T NAERZF oSS %o R

PFERFOFBRFRORERIET F 2R EA TSRS |
TIMS > FAMBRET NI DA T g Lo T Fdd T

.l 'H_‘ . ll'L' E"j;*ga/j‘ @3‘? ‘}f. 2 E.TL#L%X’\% \'J ,:% _?fuﬁi] ﬁ% :Ji(Billica and Gertig, 2006) _
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22 B & “4EC B AR RS
Poav it B i d eI R IR B SEIR BER S R F 1 48 (polyaluminum

chloride, PACI) » B 588 4 = 2 -Kf#4efisg ¥ F (x5 > E’iﬁ&% e e
WHE> 2 AL WFERY DL RSO FERE TR S Ly
AL o g RMEZ S Lk AICLRR LT AR Y NBAR
2 Al 7 B# B hE S A PACIH ™, 4 3 EF VRS R
Gt PR AR Z KRl S e PACD 11 2 R e BEATA 4 Sh PACT
HALO; 22 BAVIEF 2k > Ea kL2 FALOERE
BoooF A e R G gs

PACIsvK 2B ARAP § 4 fe g )2 3F 57 e i ol P fE 2
DR B F I SR - BREEAVRIERE G > T L R
Kf2 A 4 > 11 Al-Ferron iEPFEA &0 & % F A & H 8487 i DAL ~ B

& AL 1A AL o

Alr = Al, + Al + Al

Al 5 % PACL % ¥ BB i 4 Al » BEMLLF &L or T
o Auog et f R AR B R SR ARIEY oo@

Alc E]l] M % AI(OH)3 'ﬂ?ﬁ E\‘ 5’;’-‘}}% ég(Smlth et al. 1971)
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PACIE I B4 H 3 & £ 4 et A R 2 24 @ ot (B 5 oy
T L PACIE ¥ chd § 192 = figremt 0 [OH |/ [AF] Aul i 4
LR AT e i AR Bfok B o E B4RER (Y ER ML PACI
FrKER LR BB KA T KRR L ARL -

Fy<1pF > B4R S 5 L EMAECAL S A0 125 <y <25pF
PACIE A ¢ ¢ % 5258 A1: R e » v e @4 5 T8¢ 4o £
Hyfd 41 3822~2.40 » PACIg K345 % chAl "4 28 > @y>2.50
g7, 5 AR o

PACI 454 i % pH 3258 - @ 7 Al 5 55 Al & pH & pF ' ds

HHerandfs ¥ pH B8 85 Al ¥ Al @ &7 12 pH #

FIPE PACL 1 Al, 2 2 & i3> ¥ HE > Tk pH g3 >
SRR AL B Al £ X pH B F vk fRar s 510
etal., 2004) _

B @ AR A A2k > PACL & £ hy B RGE 0 T E
ARG RS S RE P R 0 Al € 4R R 0 T2 Al A
¢ o PACI ehip B 14 > W%k 72 € 2 -RERE ¥ * 3t age
Mk 0 R ECREATE 40T g B RRIRE

¥ b PACH febkis ki pF o 3 chE AL g A2 p AR E D



g BREEZRAZyEF M REHO ]~ 32 L TR

g fgg(ﬁ, 2002) _

—\

pH

SRR 0 Al Rk AIL b R f s dPACKK fR - fE
0O E AL B E R EMA - EEFN PR R R4
ARSI A R 0 P H AT ERA S TFES RE o FAL

HU TR ok AR IER 4 RS 0 SPACHE P DAL A §

EARG o HApR T Y foa 4 fj*‘uf’é%é TR Sl F R 2 B S
%, 43 K’éf % B i 4 ﬁ;{‘&;(Huetal.,ZOOS; Gao et al., 2005)

Wang et al. (2004)4p 1 PACI &8 sk jadpt o it 2 B
Bt PACL 2 7 7 Al, i & fE 2 0 2 5gF pH EH 4 o
Al, € Peid b TR L Al RdRIT PR AL R T AW R RE ¥ pH
AR A EaE IR ALY R ER R 2 AL
TAMMERTe 3A BT BEpHEZ EE R 0 Al s & Al
B SRR o PACL ehy @i 2+ H 8K Fl & 4ok iade
PREOPE  y BARM o PEARS 0 F 25y BAxg R] PACI shéE s
AR > A bR RER G E B b Vb oy B AR AL
BB AR A ﬁ%{;m Al g 1 = Al e RARP BB E i = Al

Gao et al. (2005)3# 41 2 = &8 58] > ¢ 35 AICL; ~ PACL 2 %)% i i

A Al 7 B #E 0 PACI(& f PACI-AlL)2 :#5% 7% % » B or
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PACI-Al;; 30§ & ~ ¢ B 3 F{Efk 3 e PRt E B o AR
Bl BREEFEE Y AT GRS PR T ST R
F e - R foan 4 o
M (2005)37 81 > 12— 4 ih PACL 2 § B PACI $+% 2R k2 41
BoKiE (s 0 B RET PACI B ARARE » TE ¢ h Al & A 4% 5
$hoif TR LT R R AAILA g KR R

AP AL G EARE RGO BB T LTk o R R
FIE A fod Ao e G R P FR Y AR S 0 Adp R LR R
T AREE AR T Y fom 2 AR L ArEE A2 s 0 BB S

{ % MERITE 0 ST PR el ek £ A A )

Wang & Tang (2006)F= % 45 #2124 PACI 5 iR 588 > 734 &7 vy

@~ A E 2 R pH 2T o REM SR fREER B2 BB 1R Fk
RORF AT REEL O PACI hy BARF > TALY frehil 4 gk

55 AIREAE Y 0 4F 5 B OKEE oy BARF 0 PACH it i AR K s
4§ R 18 (residual turbidity, RT) °

Yanetal. (2007)45 &> & * AICl; 2 % 467 | 8 5+t «0 PACI 3 iR
Ao HR ZCRE R AR R R AN ARHE DY AL G
Pl T fos 1o #1 PACLF ¥ cn Al 7 BA%F 2§ B 2 rfoc

FARST > g EFEHE B4 o Al % FHRE A 2 I 1S o REk 2 G
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Eﬁm,é)i-i“/ft&# PUTERARYE B G o0 AT I As (8 > gl
AL A A TR AR G B ] A PEG TG Al S €
BRI L AL PR G Al » H R 2 RS
MEBE-

Wu et al. (2009)#~8 s ciE 2 &4 o pH 5 6.5 ¥ 12 AP'2 3 7

Py B PACE SR EA > Hz a1 R-REFREE - BF 4478

_;.1—-

‘4%%

A FRAL T fr s A BIRGES B L 18T F R AR K fREE S
FH A APl g H RS L H Bk (T B8 2 Tk R A
A o @ PACLR] A_4 4 7 polycation patch {78 4f 1% 5 = # 5%
Bt oAl 7 B8 % 2 PACLehT (¢ oit 4 Bds » T B ApR$H R e (
BB BB K AR (5 2 auBE Bop £ (Al=10"°
mol/L)p¥ » 4% %33 4 EiF B BBz PACl 5 Al 7 £ 5% > e
£ 23] Ali=10" mol/L ¥ > %33 4 £ B B penp 40 AP - i3
RGP FRIASEAE > L EHL AL=10" mol/L ¥ - 12 Al

SR GRA ST N RT Eh (> 7 B BB F 5 % % #F N enke i RT

o EAE YL A=10""mol/L P> d Al 5 £ 5 % 2 PACI #72; &
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B EMRAEFRE I Firitn g 2 @ PERREY > 4
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€ PACI§ Al G = (a0 00 (1) 5 piap @ g o)
* 3 % pH 2 B R OUF|Q2) 7 trép B LfETF 5 £ KRG 7
il At Eafo vt da A f TR TP foik
L ApE AT o

Annadurai et al. (2003)4p & - 2001 # 9 7 &R o F -’ﬁ%& 71

X2 BHRRK HRFEHRESHT 0 S r PACL 2 18 0 oMo 48§

&
T-L

VR EpH & 6.7~722 B m -k AR 5 100 2 200 NTU p= >

R
-

%

AR fe A W 2.92~102. ppm % 103~113 ppm > ® - B b
FRFAE B ROKE R S SR AR et A T P R 1 ok e pH
BRZEAE > 2 PACI OB E LMD HPEE T Y £ h¥ 3 o

7 F R MY P PACL % LK EFFERE 227 pep

KfRbEp BT ERA R RSS2 U pH 2 iR BB E LB o
(1) pH
PACI ’&_ﬁj’;'rﬂ;}fﬁﬁt"f s EE"; ’ _,‘l:’_' ¢ E—f'jfﬁgifb;}»}a ié_:‘_; H @%l'_ég A13+ D

A4 PR BAMECL RGP HIL R AT S R Al R e 7
2R fe s SEF pH @3 4 > AUVK 34 AIOH 2 AI(OH), st 6
GARIARE AR GRS AL TR fok 154 % e
INECES ‘)ﬁifﬁﬁ% (Wang etal., 2004) _
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Hu et al. (2006)# 1 » 12 AICl; 2 247 F Alj3 v ]9 PACI %
RARBIL G Y AR RKE FHE RS AR
BF > 3 IR RIS TR S 5 Be ke R 0 2 B il Ak
Higi2 T S PACL % ¢ ch Al § 2453 P 2 ok sefAkds » 2R B
1 pH B 0 AICL 50 & 2 31§ 84 chd %on s i PAC
o R T 5 AICLAF S & 74l pH b HiREER 2T 5 2 5<
pH<7 B > AIC & © eh Al it 1 2 5§ en AlyT 0 97 r2 b piay & B
RGN T 2 SRR 0 A SR F LT S apH E o

Yan et al. (2007)R]4% 91> 2 AIC3 %2 5 87 - @ 3¢ 59PACL S R %
Ao HRRKWEFRR - SR T 0 PACIY ¢ chyE4%3g Ba 74
4R ARAE R K B4R 0 @ gL R fRBARE R pHE P o Y
Zogg IR B 2 T o PACLE ¢ ey BARZ Rl TR L 4 4R 5 hAL 0 B

3 “,f;‘&j)ii C AREEERET o PlyER AR A IR LA AR S DAL o
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Xiao et al. (2008)35 41 > @@ {2 pH g RPN > RG] K,/TT 7 Al e
T ¥ o2 #h 5 PACI -KfE14 ¢ Wig 5% AIOH)s s 48 » o pr g4
P AE 5 Alci’»%qwm/f&%%% v R e 2 SER L TR R G T A
g i ﬁx%“‘f B AR Y PF T e P70 A 5k AI(OH); 8 & ek 2
SR8 0 B B TR 2 AT pH ¢ PP gk s o

Lin (2008)4p t & 48 PACI el i~ » 2 H-k 2 fa i I
pH 24 ZE2 T >3 PACIREF L HF%id* 37 ko
PACl > 4 Al(H #848)% Al(AI(OH);) % 1 = 4 ¢ PACI-C ~ Al, 5 &
% PACIE 11 2 80 88 Al chd 0 & B (48 (PACI-Als) - 5 % 87
70 tpH 59 P> 12 PACIC BT R R F* » 2 h4cEF 3 K
3B Tk e AI(OH); %25 2033 o Bdk ¥ IRE 2 T » F] PACI-E
Al 2 83 oo R RS 2 F A AL R BT fr %
7 AT &7 (electrostatic patch) o ¥ ¢F » A gk eni®* TR 2 T > F A &
£ B PACL-Al $3pdend BRI PHIN T B &R P i > o F
B RS eE 0 d 20 Al SR €783 F Y R B A
AR AL A 5 A R R -

Yan et al. (2008)7 45 11 » PACI ¥ % 2t b 14 = [f] P e & 2 B/T*
FkE o 2 GptpHiE BT o yEARF 0 d ip S ﬁﬁiﬁ%‘ ;T TR

B2 T o % By@PACE: § pHE S FI5.8~6.5F > A g H €2 R



PPE R R EFARE 4 L FETOR % o T P S PPACLE B IR
HpH S M RTEF @ €2 F > PP Z A yE] § 23 AFEEE
2R

Az 2 FEAY BAKEpHET > R&PACIE § 3 B A
o A4 AL MHEE R “,f PRI E B o R A E AR IR
T P FE Ryl A F et PACHK RS S ALY 20D w2
xf e o s I PACI fdp 2 48 T % R s gmé d 2 ¥ X 3F
KiEF B ¢ R i B0 S B AR € T HBPACIEE B2 RS

Fobo hgE S gk o e R R PR pH AL R R U
FI2 2 pondoo AL AT F OB Rk Y R F A ik R A AR
PACl 2 4 S @ avRk gk it - o 3485~ Guniks st F|pt 4 /Ejj%

W T -
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(2) %A
i B A B S R R K R AR R T 0 Rk dig B AR R
NAH[OH A% % > A REH R g BaE+ € 42 Rk odk & o
SEIARE R R GURE ensf 4o > B pH BT M iR RARP A o
dg B il 42 B PACLehy £5 M-8 v B PACLH I 42 thig
B 9B PACl 2oy BARM > Bl-kREchpH BT S EAR S o
BRAE R EH T ol A BB Rk R G B H A
‘)ﬁiﬁ%ﬁ’% » 527X PACL Ap#OY B Suengn BOR @M@ 2 0 AF v B i
TR I RGERPE PRBAD T BN R E S 0 F G
PP Al T Y o 3R R R y>2 HE TP foen
fe 4 (W Tk { 3 T RHAFHLE L 2 o
Hu et al. (2006)# 1 » 12 AICI3 % 248 % Fe Al v ] F9PACT 5 8 &
B oEILF G Y A RN R BT o $TPACI R K

e M BRAXE R Z A% SR AR E o @ b B s hpHat T T F B

Yeetal. (2007)# 1 » PAC] foif § ch@ gL i 27 g -kjigdi + £
Al 2 v AT e 4 P 0 BRI AR R I R B R
:@f;f’b;}gg Q""Tllﬁsbr’ T A AT e ’mi‘gﬂziﬁf:‘{mﬁJ

TP ek AT TR pE % o gk R RIAPF > PACL 2 ¢ h Al € A
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2R A R R forFRTY o R R ST AT TG
TAT ST L IR REAR

| (2008)31 % S p ok 2 PAETHRL b I E LA KR

=\
3

2 PACIENF &4 2 £ F 07 8 > ALY 15%3%20%+ & > @ Al

A=

5 £40%3 55% =+ 0 FIT z’v’ﬂfr“u{Alc’ HEIUR GRS T LR AR R
23 HEgpHiE R 2 ¢ B 3 BEPACIAWMBIRE T o 42 8}
AL RSB SRR TR fos & A BT RK A M
Al g MR feei AT 2 B F o E & U3 WS RPACIR B2 P F K S0 dk
BAGRGFAE > A T - BAHPACIA) L & A3 B 4R ApHY Hh2
T ook R ANOH)s ARG A SRR o TR AR R R R o
Hemio 2HHE 5% ApHE L7 R i s TP B
T B BAF o
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A% B 9 PACI %1% B 2 i P B PR E R e R DRK K RAR
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Xy @ PACL 2§ B2 Gi AL AT o fe gt PE AT S oA R R
¥ 2 i PACL: @ £ AICL( A Al -

v aes Al Ak i AR ¢ 2 pH B PRE M i E IR
SHETM A L LR S HE B A Ak RESFFE T LG R T
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B} Bt PACL K30 % o Alys!l o i 3 5 R SR hR Y o2 i
P g P o
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¢ EL KR @ WA B 0 PACL §okfE2 SRS h Al i
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SFEEM T T T AT R R RER G2 B enjp 3 T 2 iR

rﬁi N 5 (Holt et al., 2002; Narong et al., 2006; EI Samrani et al., 2008; Sansalone et al., 2008) R
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Fldpthe A¥ 0 A2 LRIEHRBIpR DL G CEL LRGP
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Hu et al. (2006)45 41 > 12 AICL; 2 2 /8% ¢ Al )5 PACT 4 8
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- , %}1%?.; mC RPN ,,b;j;i;sgsujﬁna“:.]@g:* 'fr’é‘; 4 ?’Pﬁ,ﬁ,fi‘_y}\'ﬁgﬁjb
NE 5 Al iR EAE T foi 4 A%5E o
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modified precipitation neutralization model * f#-#t PACI &7 F pH 2
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BEMT 0 HRPACI Rif > A= F o H$H R pong s £
foo @GR R R MBI R S 35CE pH 5 65
ey e pH 5 52 THdcEpL &8 0 A AR MIER > 3 pH E
Rl A2 FeF AR > L2 B SCopH 5 7 e R4
o B g pH B 6 FnBHR A B R R H PACL a0 R
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FoT o pH B AR 2 f oS o A oNig
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BEAR e (2 g Rl N CEEPACT Sy e B 4 2 B > ApH S
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31 #HHEKHR
311 = KRRk

%2009 # 3 % 5 9 7 A RIPAFTAE RS E ROk 2 ROk KR
REMER O RETRRFLECE LR 3P AR KT R R

Ptz e TR RS

3.12 B 37 iv45
B KRS 2 RE CAE(PACD R R R RUR A 0 S 4R D

FrkAk 2FRIFHFL ImL=1mglasAl-

313 FHREAZ A HRE
1.pH meter 2 %7 A& 3+

d WTW 2 2 #]:% > 4% 5 InoLab Multi Level 1 » ¥ [ pF i RlpH E

@ * HACH 274 & » 31525 2100 P 0§ A3 » &R 5 4 5% -
TORPR BRI R SRR B FIA R E Rt i R E
#I§F 5 0 1 1000 NTU -

3.8 B8 & R H R 5 94 % 3¥ R (ICP-AES)
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155 5 Jobin-Yvon JY24 » m23 »~ Ar § #8(6 L/min) % i@ 5 5% £ P
PACI z. ¢ el 4rk & (Aly) ©
A¥ PR
WEE S T g nE BN R AT L5 &
*5% 7.6%2.8(cm); @ *F 2 RER 51 A HE*E*E 5 115 *11.5
¥21(em) > H 11— % - ok R
5.hd w7 &k
d & K Malvern = & # & > %55 5 Zetasizer nano ZS > * ik B 1
BRI A A 3nm~10nm 2 pk b R o H BRI RITL L AR F
Rk ez 2RI E & RIS EF R B AT HITY RS T €
Hippr o e fBd > 4= AR c BRI 2ZRTAERE L

™2 Henry Equation # & = B £ § i+ o H & ;840

¢
C k&7 = (zeta potential)
Up @ it R( R =% - electrophoretic mobility)
n AR 28 (viscosity)
e ! % f#%¥ # (dielectric constant)

f (Ka) : Huckel Approximation (- #&-K/% 7% =1.5)
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ks gy | SAAO-SONTU) 33§ £ (300-2700NTU)
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