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A study of AI(IIl) hydrolysis species
characterization and organic matter removal mechanism
under various coagulation condition

Yu-Kyung Song

Department of Civil Engineering, Graduate School,
Lukyvong National University

Abstract

The overall objective of this research was to find out the role of rapid mixing
conditions in the /species of hydrolyzed AI(II) formed by AI(IM) coagulants and to
find out the interrelation of coagulant and organic matter in rapid mixing process
and to identify the change of organic matter by mixing condition and to evaluate
the distribution of hydrolyzed AI(II) species by coagulant dose and coagulation pH.
When an AI(II) salt is added to.water, monomers, polymers, or solid precipitates
may be formed. The color intensity of monomeric Al was read 3min after mixing.
With standard Al solution containing -monomeric Al  only, the Al-ferron color
intensity slightly increased with until-about 3min. During the rapid mixing period,
for pure water, formation of dissolved AI(I) (monomer and polymer) constant by
rapid mixing condition, but for raw water, the species of Al hydrolysis showed
different result. During the rapid mixing period, for high coagulant dose, Al-ferron
reaction increases rapidly. Different AI(II) coagulants (alum and PSOM) show
different AI(II) species distribution over a rapid mixing condition. During the rapid
mixing period, for alum, formation of dissolved AI(IlI) (monomer and polymer)
increases, but for PSOM, precipitates of AI(OH)s(s) increases rapidly.

The Kkinetic constants, k, and Kkp, derived from Al-ferron reaction. The Kinetic

constants followed very well the defined tendencies for coagulation condition. For



pure water, when the rapid mixing time increased, the kinetic constants, k. @nd kp
showed lower values. Also, for raw water, when the rapid mixing time increased,
the kinetic constants, k. @7d k, showed lower values. At A/D and sweep condition,
both AI(OH)s(s) and dissolved AI(II) (monomer and polymer) exist, concurrent
reactions by both mechanism appear to cause simultaneous precipitation. During the
coagulation, substantial changes in dissolved organics must be occurred by
coagulation due to the simultaneous formation of microflocs and NOM precipitates.
Increase in the organic removal efficiency should be mainly caused by the removal
of microflocs formed during coagulant injection. That is, during the mixing period,
substantial amount of dissolved organics were transformed into microflocs due to
the simultaneous formation of microflocs and NOM precipitates. The results also
showed that 40 to 80% of dissolved organic matter was converted into particulate

material after rapid mixing process of coagulation.
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oJgEol fEBSE ¢ Utk webA log(38F)W pH Tz E S 2
S99 galmo] #d Fas ARFE A dFS Uiy A8 Ared
2= 0]
LS

Ll T FElet - A ol
o] Be AF7t o]Fo]x 9t} (Hem and Roberson, 1967). Table 2.1.19]

N Ke 2 59 9FE SR B945E Behd 2 0® Table 2119

pH 4501319} pH 8ol o= Buwm Fol

FL o] gtk pH 450]8kel A AlH:0)", AOH)(H:0)5", Al(OH,)(H.0)s
7 FEE olFH o]t A, AIOH)?, AOH,)' % E &7 &9 pH 804
o] 749 Al(OH.) 7k F8 FTo= FEAfett} (Schofield and Taylor, 1954;
Frink and Peech, 1962; Baes and Mesmer, 1976).

Table 2.1.1 Equilibrium constants of aluminum hydrolysis

Reaction log K (25TC)

(1) AI’" 4+ H,0 — AIOH*" + H' log Kip =—4.97
(2) AI’" +.2H,0 = AI(OH)s" + 2HF log K12 ='—9.3

(3) AI’" + 3H,0 = Al(OH); + 3H' log Kis' = —15.0
(4) AI’" + 4H,0 = AI(OH), + 4H' log K1y = —23.0
(5) 2AI"" + 2H,0 = AlL(OH);**+2H* log Kop = —7.7

(6) 3AI’" + 4H,0 — AlL;(OH),"* + 4H" log Kz = —13.94
(7) 13AI°" + 28H,0 — Al1304(0OH)2," " + 32H" log Kis, 32 = —98.73
(8) AI(OH)3(m — AI’* + 30H” log Kam = —31.5°
(9) AI(OH)s(s) = AI’" + 30H” log Kyy = —33.5"




AI(OH);

 AIOH)S

log [Al] in moles/L

Fig. 2.1.1 Solubility diagram for AI(OH);. monomeric and polymeric Al

species in equilibrium with AI(OH)s (Dempsey, 1989).
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21100 yEbd mpe} o] 8 Aol xe] FEnE 38F o w X = pHel @
g t=7 Jderdth AIOH),' 9 AlOH) F < =1
7V EgAey] v g sEs ¢ T
6.29] pHelA &afdolm. 100M LFwEF gl e  pH
Al(OH)s(s) I AES ATl pH 5795k A AIOH)39> 3oz &4
& Ali(OH)'' 9l %ol ZewFol A8 pH 8ol ol He Sol4
GFr w5l AOH), 7} A A o]}, o] & zFo] 2zt pHO &FwHlH W& 7t
el g ste] oA HpHT. =, ZEH AEHY EFvE T2 AHAA HY
FEfel A A E Fo] ol HHAGEE Y= A A EE= FEFo
AdEH e AIOH); ZEl= dolate HAdAA A7l T3 A4 =4o]
t}. Hem¥} Roberson (1967)°] m=2w F4 pH (65~7.0)dA = &F1+H o=
I B2 Alole] FxE WAL Fdd ¢FulEe] YAty EEAE 4 A
Aol YAt o ¥ pHe ASdAME 4% w2 wdS stee F
ol vt At WA FY A5 ZHAHY EE GHARE ¢
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oot 9p 22 Ay dFvEe AwAs = dFuE oo 5
= 7

= =

S U Bol ¥rdas 7x2dH= d AAA 2 Aoln. 2749 ExvAd &F
=
=

el

2709 FfrE OH 7] o] 22 2709 &Fnw o3 dd%H= 25 O
e olFH ojeld AL FAtst dFvg AA T 7lEo] A
gy o] dFuE olEAAE A H Fo FEHE UA Fow FEHolA
< Fog ZASHA @Evh(Hsu, 1977). &F v w 7FEEs A= (AHP)S] 1
w28 54 M7tUEL B dASdd oeA drE oA gt (Stumm
and Morgan, 1962; Hsu and Bates, 1964; Hem and Roberson, 1967, Stumm
and Morgan, 1970; Schoen and Roberson, 1970; Mesmer “and Baes, 1971;
Smith and Hem, 1972; Baes.and Mesmer, 1976; Hsu, 1977; Bersillon et al.,
1978). Z2lWAd €2 T4 pHolA HAA fAFOZ Yeiua v ozn
(Bersillon et al, 1978). t& AFAES oo A2 2 HAge AE7E of
e aAde ARG SAAES HEeH Hxst gl sHd F A
etk st (Stumm and Morgan, 1962; Park, 1972). 3#, tt& A4 25
< Z2EvA T2 AT Az oy A= EHH el W A= AT
= AASY T (Aveston,. 19655+ Mesmer and Baes, 1971; Baes and Mesmer,
1976). 29 AFAEL v EYuFol EAstL oW ZeWFE A7
= pH7F ¥ = 4 &= pHel Hddel wey o Ar= S7kdvga s
%t (Hsu and Bates, 1964; Aveston, 1965, Smith and Hem, 1972; Bersillon
et al, 1988). o]&1 g Al o EA4ddn A 2do daix FEH
om olel nefg Helmel Arvie YWY dFvE 9A9 Fol wEY
3tk (Patterson and Tyree, 1973; Stol et al., 1976; Aveston, 1965). ©] &
2 E2 Al ERS AAY SR sitste 729 e TEE THA
Aom oy Fxof 7| FdTxe &FvlE EAel olF e OH 7] 7t
sk 6719 Fdoz FAEo 9ttt (Hsu and Bates, 1964; Aveston, 1965;
Hem and Roberson, 1967; Stol et al., 1976).
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Fig. 2.1.2 Schematic representation of the dimeric cation

AL(OH)»(H,0)s" (Hem and Roberson, 1967).

Cos & =0
+6

+3 +4 3
A A (OH) Al_(OH) Al (OH)
22 3 6 12

: : POLYMERIC SHEETS  ALUMINUM HYDOOXIOZ
CONTINUE GROWTH ~ FORMS
-8 *12
Al (OH) Al (OH)
12 22 k1 60

Fig. 2.1.3 Formation pathway for aluminum hydroxide

development (Hsu and Bates, 1964).
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Hsu(1977)9] &F v w o Zlgiafol @ AFolA Zgw+= 24 &FH
w TAEEY 243 FAbeta AL sAv. 24 Y dFvE FAsE Y &R
w © OH 7hulo] 9Jsir A4 64% H7x= HEXH Uu. &F1
w-OH-¢Fr 7 ZAgzseo] e} GdFrF o] Alo] o wkdbg o] 3] 9l A
Agduyd 2 e A g & oo oy des ZEHelAE
g ZEn Fo] AT AEHietd &8 ZH Y ¢FvE ol OH
o2 Atol o] WA S dFwugE FAstEH FAE Wds Fduh(Fig. 2.1.4). 19
v dFuE FAstE ol BEAYY 4 OH ol @A 1719 &FrE
o] 27} AL glojA FodleA Hol&x wa PPo] =3y Buy &
FrlgE FASEY T8 pH 80 ~ 92 W olmz dFuyw FAsE ¢
A 7o AR A FAEtE i douy dFuE AT dFAdste dA
3717} 7 4se] wek F7Fe vt (Amirtharajah and Mills, 1982)

Johansson (1960)-2 [NaOHI/[Al] =H]&0°] 252 F 4o =2 Fsld &Fu
v a9 &9 NaSO & FH7tstd 243t d FALFrg 92 Ax
o, o] AAHL X-ray TEREA 93 (AlsOfOH)au(H:0)12) "8 7B =
TAEH AT FASATE ol FEE St &FrE o2 479 Aba
o] o] 4H A= HiYAT Hol Ual AL AHAE 4WA ] 4709 EA gl A
470 9] trioctahedral OH-Alell. ¢4 =¢ %o I t}.-Johansson(1960)> -8 24
oA ¢ OH-Al v = o]¢ ZE dAudeleta FAAT. §HoA o F
o EAe YAEDVIE AFET Aveston (1965)2] Aol A Bl Tl Akitt
9} Greenwood(1972), Akitt®} Farthing (1978)< Al NMRE Al&3to] + 719
a5 dFEAT. stve vas RewA dFug ojlw 4 Hi ot
2 Jars Y9 T4 A0 Fe ¢FHE dAE FHo] Hrh oy
NMReoll &g A5+ o] W2 A+ xte] 9 &0 At (Bottero et al.,
1982; Bertsch, 1987).

_‘I‘I_



Fig. 2.1.4 Schematic representation of network of aluminum
hydroxide octahedra(gibbsite pattern) (Hem and Roberson,
1967).

THE " Al1-13 “ ION

Fig. 2.1.5 Structure of (AlisO4(OH)2s(H50)12) ion
(Brinker and Scherer, 1990).
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Al(H0)¢* aquo Al ion
I l hydrogen ion
Al(OH)(H,0):?* Mononuclear species

| ——
Al;;0,(0H),,™ Polynuclear species
Il — > hydrogenion
Al(OH)4 Precipitate
P P

Al(OH), Aluminateion

Fig. 2.1.6 Aluminum hydrolysis products (Letterman, 1991).

Table 2.2.1 Formation time of aluminum hydrolysis species (Amirtharajah, 1987)

Hydrolysis species Time scale (sec)
Al(II) monomers < 0.1
AI(II) polymers 0.1 to1l
Aluminum hydroxide precipitates 1to 7
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I 3E o BAAL ALOH)™E ekl Aotk (Akitt et al, 1972a, 1972b).
[A10AL(OH)2u(H20)12]" (Al el ZE ™A F& 625 ppmol A YEC
(AKkitt et al., 1972a, 1972b), AI(OH)s + 80 ppmoll Al YE}ld Aot} (Thomas
et al, 1991). 22]aL 27A1-NMRel|l &3] A=¥d A= d& @717 gl +
dFuFEFo] e EXs Ayny w35E $994 27A1-NMR
S 5 Ao Ae oEAATL AEHA v 9 (Bottero et al,
ch et al, 1986). 713 7kgko] 2.0018F (pH<4.0)8 4§l M ¥
of TEL @71l S gl wEk AlpF o
. 05~22 Atol o A7IHMRAAE AlTY F=7F 7t
a1 1 o] T A FAaTS vERAT 27014 (pH=4.75)9 A7 " Fgkel 9l
ofA AlpF2 AEHA @gkom d@7H7Iol " S/ el w2t AI(OH)s(s)
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Table 2.3.1 Humic substances classification based on solubility (Swift, 1985)
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Table 2.3.2 Natural organic matter fractions and chemical groups

(Leenheer es a/, 1982; Leenheer and Noyes, 1984; Reckhow ez @/, 1992)

Fraction Chemical Groups
Acids humic-fulvic acids, aromatic acids, phenols -
Hydrophobic Bases proteins, aromatic amines -
Neutrals hydrocarbons, aldehydes, ethers -
Acids sugars, sulfonics, hydroxyl acids -
Hydrophilic Bases amino acids, purines, pyrimidines --
Neutrals polysaccharides, aldehydes, ketones ---

FE B Fx= Ao wE A A Fetory = E A7) (carboxylic group),
¥ = 7] (phenolic' group), 7}=X 2 7] (carbonyl group), 4F7](hydroxyl group)
s M wEE ggER 8 A Jdu (Edward es @/, 1995). &% F9 &2 9
T3 247+ 7F28 2 7] (carboxylic group), ¥ 3= 7] (phenolic group), 712X
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Table 2.3.3 Characterization of humic and fulvic acids

(Ronald, 1981)

Composition Humic acid Fulvic acid
C 55.94 54.56
H 4.13 4.97
Elemental 0 36.52 38.20
analysis N 1.27 0.87
(%) S 0.93 0.74
P 0.25 0.62
ash 1.13 0.86
0—55 ppm (C—C) 23 36
55—65 ppm (C—=C) 8 8
Carbon
o 65—95 ppm (C'-C) 12 16
distribution .
95~110 ppm (anomeric) 4 3
CPMAS
3 110—145 ppm (C=C) 21 12
C NMR
(%) 145—-160 ppm (§ —0) 9 5
’ 160—195 ppm (COOH) 16 16
195—225 ppm (C=0) 7 4
Carbon Aliphatic carbon (0 —110) 47 63
(%) Aromatic carbon (110 — 160) 30 17
COOH. (tiration) 4.7 6.4
COOH/(“C NMR) 6.8 6.8
, Carboxyl ("’C-NMR) 3.0 1.7
Functional "
Methoxyl-( "C.NMR) 3.4 3.4
groups : 13
Alcoholic OH (*°C NMR) 4.3 5.1
Phenolic OH (titration) 1.9 1.6
Phenolic OH (*C NMR) 3.9 2.1
Molecular weight 2000—3000 650—950
(radius of gyration) (—104A) (—6A)
Carbohydrate
10 o] s} 5 o]}
(%)
Total nitrogen (as amino acids) : }
25 o] 3} 20 ©]3}

(%)
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Fig. 2.3.1 Structure of humic acid.
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Fig. 2.3.2 Structure of fulvic acid.
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FANEAY BH% BWE HAA Ak AR AgHE FFHA
=4 Y #1242 0% Adal o Ay

oA ZHAFE YA =
A

4=4  f7]e A2 (Dissolved Organic Carbon; DOC), UV T3%= (UV
absorbance), Assimilable Organic Carbon (AOC), Biodegradable Dissolved

Organic Carbon (BDOC) &°] i, t& AEstd F715d S4& A3

7= x4 5o mE o2udFAE ol WHY /=Y HEI|E
A}k (Apparent Molecular Weight Distribution)S =74 3st7] ¢ A3 2w}

Eady, gejoda, Aoy Tol Ut

XAD FAE= A FUEde EFE o] AdHAY (Thurman and

3 HES BRI (Collins ef @/ 1986). o] &ugkAo] o3t {F7]=2 /7t
A FHASA ALEH I Yo} o] uBkEA|e o WyPe We FAHS
ZFA I gtk o) X uBFAE AFGT A FAE FHlstE V)bl 27 WE
of W& AlZto]l AaulE L fF21E 9 FFI Aol oete] of 27wk pHe W
stol e F71E9 EAe] WEAl Fo] FALEel] AbRol] wE 3 EEFo] &<t
AetA #ct

T EAte A=Y FAF SAHS AYdTAY FALAd 2 &S dF
st 8% AE7E JY (Amy ef &/ 1999; Chadik and Amy, 1987). 43 g
FAA O 7B BEaRFAE AAZE AFgHor 43S nm AL F
g akyp Fulake shebA S @A 32, Yo T 2 T 9|
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V-catalyzed ozonation, UV -catalyzed hydrogen peroxide)e] &]3s}o] # &=}
EAE H3Eo] JAee REEAo] vrof AEFAE PSS ARAIIH N
HAA ek A ©ot (Sierka and Amy, 1985).
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Weight Distribution: AMWD)®] 7Id & At&sted 24 £ X5 A= o&
A AL EE 7 APAA EAke] AT)el 7] x5 7] Wik ol “apparent”#t A
et AAFVIEA FA49 FERE pHO oA Eet e Aot g9 =
Aol Al #5719 Bx5 X3e B2 AAE Fgolth. o] AMWDO] wel=
daltond A}&3t}h. Daltond AYE A4 744 7h¥Ha FRHI 59 949
‘0o AwE 1160 24 RowA, o FuHon =qE Ao &
Yol mekA, AFAY FAFEFo] 1599490l 2 dalton< 0.9997 & o
gt A FHEHe EAE2 500~100,000 daltone] el o o]

WA BAY WAE FUEde Wy 54, FURde YA 549

ofp

.

EYXE 43t WH LS gel permeation chromatography, ultrafiltration, vapor
pressure osmometry, freezing point depression, small-angle X-ray scattering
5] 9t} (Thurman and Malcolm, 1981).

AazrtEade gy e BAY SHAdE B4 2718 48 20 7
740 Bolol fhol o WM 3~5 mg/Le] BE WA F LA AL
M onswe FuUzde 4 S99 Ax BEAG Exuc 2/ 245 o

A & 9t

N
<

H A 35 el W AN S nlugke m A dojzxin. o] &
A e Abgete 2Y A FE S oF folxl- Ao mEw Feit
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of ofa] ARyl H7] wWzol BEW 7tedel BX =tk (Leisinger er @/,
1981). &AkgFe]l & e TAh-Fujst 7l whgol o8 AlE Bol A
o 22 2AE sdEE By, Jhedd SR Addew dn
(Manem, 1988). 1ejB =2 v Fa}=f st A4
F7lEdo] Aol =

A7 Ede] AR AEE SUVA(Specific UV Absorbance) 3k 3
1,000 daltone]’te] 71 F=Fol whulg gt = NOMO| HdEado]l 57}
ol we} SUVAZLe]l F7hgkel. SUVAZ el A2 AdF712d2 Judoz
Aol og DOCAIAZF &olatet. =, LA S sFEddryg &2
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Table 2.3.4 Characteristics of NOM from Forge pond (Reckhow e @/, 1992)

i Chargexx* o
Fraction % of DOCx AMW# SUVA( m™ /mg C)
(u eq/ mgC)

Hydrophobic
Humic Acid 7 70 5-10 6—6.5
Fulvic Acid 38 30 10—-15 4—4.5
Weak 4 65 5 3.5
Bases 1.5 ND - <1
Neutrals 3 35 — <1
Hydrophilic
Acids 3 40 45 1
Bases 3 60 i 3
Neutrals 22 40 3 3.5—4

# Initial DOC of 6:6 mg/L

# Apparent Molecular Weight as- % of DOC

#x Negative charge density at pH 8
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Table 2.3.5 Comparison of alum coaulation dilute caly suspensions and humic

substances

Dilute clay suspension

Humic substances

pH sensitivity independent dependent
Optimum coagulation pH pH 6.5—-7.5 pH 5-6
Effect of overdosing Restabilization less dence and smaller floc

Required dose rather independent proportional
[ [ Sl v
Particle —» Degsabilization
Raw water Coagulation ———»| Flocculation
Trangormation
Organic (organic » particle)
| 4

Fig. 2.3.5 Particle and Organic matters coagulation and removal.
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Fig 2.3.6 Mechanisms for alum coagulation of humic substances (Dempsey, 1989).
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water
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0.2

4.0
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mg/L(as ADE 1 o]3te] WM FroAx AFS AAsAT. S84 AL

S8 WAk e e 2 #2 A [(ferron = 2.85 x10° mol +

1-10, o-phenanthroline = 2.52 x10* mol)/L] 500 mL& ZAF}EF (4.3 mol/L)

200 mL¢} @atsl=s Aol Al ek [(NHOH - HClI 100g + s 94t 40 mL)/L]

200 mL7} &3t¥l Aleko 7istol 1LE wEdY. Axd #HEY TEe
)

145x10 " mol/Lol® @A ke A% F 5 ~7 4 T $48 ] AL

o] EEof
L3l THEE AP, FLFFFY SHd = ICPE A&3F% Y.
ojuf LFwFI HE Alole wFSI|AE= olze} o] yedE £ drt
(Smith, 1971)
Al =g, + AL Q%Y (3-1)
o714, Aly = BBl S0
Al =0 A 7ke] ol EAStE v g LR E
Al = t A zte] HET wrg e GFEnE
k = Al 9 14 He&E 44
A FRuE ARSI WAL e Mg EEdFE e} 2ol
R A=
Al = Alyo (1-e ™ (3-2)
Aly; = Al (1-e ™) (3-3)

o714, Al = AR el A8 ®
Al = Rwv]y Qv
Aly = A7 e Femg 270 E 55

Al = 04 S70Fe FE



ko= Bevly GRvEe] 14 WHE 4
k = WA SFUEY 14 BEEE Y5

H alum(Al(SOy)3 ¢ 16H20) 2] 4 §-

Slo W& 9AE HAs 7] Hdte] AAAG 252 A}

sl ste] ALg stk Y wWE 23S AFEEHI] Y5k L HEE T (rpm) ol
2 HaEEAANG) g2 duAd el st ZAZAS AT G g E WA
2> du] Agg Ay FEwNbEAS ZFzE 250 rpm(G = 550/sec at 20°C)3}

100 rpm (G = 150 /sec at 20°C), 27}#] wHEZTo A GT(Velosity Gradient
Time) a2 2 5000, 15,000, 30,0008 2 A8} WHAIFS WASIA| 7] AF
= TS 37HA GT#E 71414 Ssta 49 4wk GT 9% In-line
AL wEste] 37b4 WA= aAelol dde FAAY. G o=
550/sece] 7§ WHFAIZFE 9% 27%, 54x0| o™ G = 150 /sec®] 749 xwb

A2 =2A 37HA dH =
TPttt pH Aol Y45E U & A& 8= Ambient pHZE, $H 7}
YFol wel detsst mrtdEsS fwEels pH 55, AAE W7HHUES F2dst

EopH 7094 A9E FAFAG $H plb AsFR MAUZE Fuse

¢

24 Z—]ig].z

=

pH 558 AAE WAUZES f25hE pH 709 4% 2 pH 242 A58 vl
¢ 05N HCl % NaOHZ AAFozM Faa 4 2 471 #9452 pH
of whel AAE F SHA FY A 4 Aol AAFE FYR F FHEF A
Fol pHE ZA3AT #/1% AFHEL $A4F FA9 Ao &
Bergom FHLU Aol W §715 ABRLL skl F&H WA
wet #1802 FAE ol g3kl ARE AATe] Gk F71E BAS A

Al ek
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333 w7 1E9 A4 &7

2 APl F712EANOME 254 249 FUEAR 54 24 v FUE
Az 237 4359 Amberlite XAD-8% XAD-4 FA & o434t 24 A& A&
st71 e A ZAA 9 DOCZF w9 =7] wiZol (9 1,000 mg/L), A FA ¢ A
WS AFoE doh. & AFo] ALEE A AAHAALS F 2o

O FAE N NaOH & ool 2443t o] 4} g7} Eo}

@ Soxhlet FZ42E o] &&A ik, v oMlEHE%, ol ol gl 2, e
Swo® 7 S 2447 F9 Soxhlet &8 F 5U Fo AT

@ FEA47 FAE AgdE T 01 N NaOH & 9o wasgic

@

o
=
2
)
i,
-
R
=
Z, ol
™
(s
Aui

3]
My e
ﬂ%
(e

1 HCl® o= Z3# &5 DOCZF 1 mg/L °] s}

2 = u7x Aty 4975 FHAZAY (Thurman ez @/, 1981, Leenheer,

1981). ojwl Ao FXH FAE Az HHZ FoAA= otE7] wiEdd A
) _

bed volume AL+ &3] X 3t}

aga FAV s 2der A5e SHEEE 4 ml/minez LA GH

¢

AARAE AR Zho AFE FHAZIG. BFHAAZ 7 A AFE 045 um W2
ol JRAR gAY F A S5 pH 22 24 AZ b3 Amberlite XAD-89l 5 3} A]
21k, Amberlite XAD-8 248 01N NaOH 250 mLZ 2FA1A, 71 &
%45 01N HCI2Z pH 12 AHAFAIA 247 BAek 5045 um o YA 2 of 75}
O oqgag Fuatgta EFEH, o HA el FE FHFEL 0.IN NaOH 250 mLE2 &
AAN 1 e FEAHL EFIT (Yeh e @/, 1993). 12|31 Amberlite
XAD-4 F#AE F#%3 HEFE non-acid hydrophilics2tal  #F3 9, Amberlite
XAD-83 XAD-4 A& F3#3 F=F 7+9 Aol E hydrophilic acidgt &7 3}

mL/min®. & FA g} o)Ay Lo
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Water sample
:filteredwith 0.2 m membranefilter and actified topH 2

~——- 0.1 N-NaOH

XAD-8 resin

Hydr ophobic
fraction

0.1 N-NaOH

XAD-4 resin

Hydr ophilic
fraction

Fig. 3.3.1. Analytical procedure for NOM (fractionation.
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2) TOC (Total Organic Carbon)

Foo SAste 7Y w25 AFser] A SAGACH, A3
S fsted TOC vial: AFAF AlH Aoz IE F7]8 A EF A
A3 oS FHRTFEZ2 AAEE AFEE A, & CsHsKOy4(anhydrous
potassium biphthalate) &} Na>COs(anhydrous sodium carbonate),

NaHCOs(anhydrous sodium bicarbonate) XS+ &N o 2 AlLg35lo] Z+7z}

ks
flo

. 4 7]
TCs I AFAL AAudlz 449 Fw e A ook Am 24
o ZA A Brgom oA RE FS HE gl =EHA FES 5
of 4ToN w39

3) UV-254

o] fF7]etk FEEo] FFolA lignin, tannin, FYHEZ 59 FEHE =
Ak, ole e 7l A SFEA LS 200~400nme A A o FollA FH o)
FHEE YebdT o]y AME S WS slg =4 (aromatic substances), &
I3 A= 3354 (unsaturated aliphatic compounds), E 3 A W= 313
% (saturated aliphatic compounds)s %4 g7} o]T 2 oS st
dE EFE0 WS FHslE Aol AL, oy e o]fulFd UV~254
nm7} UV §3 =45 ZdAst=d fr7l=de HEdHE 4oz 46t
(Edwald et al., 1985).

Aol (Gelman Science)E AF-§3dto] of gk & 1-cm A
g cell& AF&3te] 97 254 nmol A FFF=AE A&t SA A
4) Alkalinity
A 7t EE BAHAA ARG E ¢ZAYEE AAYHoR SAIA

g 2 002 N& AFEstol Al pH 4.37bA4 Fdteted 285 =

O
mﬁ
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Table 3.3.2 Analytical method and instruments

[tem Unit Analytical method and instruments
pH - pH—Meter (METTLER DELTA 345)
Turbidity NTU Turbidity —Meter (HACH, 2100P)
Combustion/non—dispersive infrared gas
TOC mg/L analysis method
(TOCAnalyzer,Model TOC—=5000, SHIMADZU)
UV-—-254 em” ! UV —Spectrophotometer (UV—1201,SHIMADZU)
Alkalinity ~ mg/L(as €CaCO3)  Standard Method(Titration Method)
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Fig. 4.1.3 UV absorbance versus ferron reaction time under rapid mixing

conditions(coagulant dose : 0.1 mM as Al pure water).
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Table 4.1.1 Distribution of AI(II) hydrolysis species formed after rapid mixing

(coagulant dose : 0.1 mM as Al
G=150/sec (Pure water) G=550/sec (Pure water)
Al 0.1 mM(as Al Al 0.1 mM(as Al)
speci GT=5,000 |GT=15,000|GT=30,000 speci _ GT=15,000 GT=30,000
es (Time: (Time: (Time: €s ((’I}‘;‘n—?bOOO) (Time: (Time:
33sec) 90sec) 140sec) € Jsec 27sec) 54sec)
(Ajyla) 17.36 12.57 14.34 (A(yla) 14.42 21.23 11.37
/0 /0
(Acylb) 62.25 66.36 67.27 (A(;b) 63.94 60.10 68.68
(o) (0}
(A(}IC) 20.39 21.08 18.39 (ZA;IC) 21.64 18.67 19.95
/0 /0
t(of;a)l 100 100 100 t?;a)l( 100 100 100
(o) (o}
G=150/sec (Raw water) G=550/sec (Raw water)
Al 0.1 mM(as Al) Al 0.1 mM(as Al)
speci| ar= i - speci |
dEEC i
33sec) 90sec) 140sec) ; 27sec) ’
(Acyla) 18.33 17.76 9.92 (Acyla) 22.34 23.80 27.17
(o) (o)
(A(ylb) 60.92 62:03 66.97 (Aqlb) 61.90 62.44 61.47
/0 0
(P;lc) 20.75 20.22 23.11 (A(;C) 15.75 13.76 11.36
(0} (o
t(o(yta)l 100 100 100 t();a)l( 100 100 100
/0 (]
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Fig. 415 Effect of Al concentration on the reaction with ferron during rapid

mixing period (pure water).
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Fig. 4.1.6 Effect of Al concentration on the reaction with ferron during rapid

mixing period (raw water).
Table 4.1.2 Distribution of AI(II) hydrolysis species formed after rapid mixing

(coagulant dose : 0.15 mM as Al
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G=150/sec (Pure water)

G=550/sec (Pure water)

Al 0.15 mM(as Al) Al 0.15 mM(as Al)
speci speci
es |GT=5,000) 115 000 | CT=30.0001 es | gr=5000 |CT=15:000) o130 000
(Time: (Time: 90sec) (Time (Time: 9sec) (Time: (Time: 54ec)
33sec) 140sec) 27sec)
Ala Ala
(%) 29.00 23.45 24.34 (%) 25.56 24.88 23.02
Alb Alb
(%) 48.08 49.39 51.99 (%) 53.89 54.86 55.23
Alc Alc
(%) 22.92 27.16 23.68 (%) 20.55 20.26 21.75
total total(
(%) 100 100 100 %) 100 100 100
G=150/sec (Raw water) G=550/sec(Raw water)
Al 0.15 mM(as Al) Al 0.15 mM(as Al)
speci(GT=5,000| GT=15,000| GT=30,000[SPeCi| GT=15,000 ..._
es | (Time: | (Time: | (Time: | €s (gjr-%ooo) (Time: ETT.‘?fOS’fl’g(;
33sec) 90sec) 140sec) B 27sec) Ime- o2ec
Ala Ala
(%) 22.01 15.08 13.90 (%) 18.15 12.96 13.16
Alb Alb
. £ : .82 ‘ .
(%) 56.40 64.64 68.01 (%) 63.8 68.93 69.99
Alc Alc
(%) 21.58 20.28 18.09 (%) 18.03 18.11 16.85
total total(
(%) 100 100 100 %) 100 100 100
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Fig. 4.1.7 Effect of coagulant type on the reaction with ferron during rapid

mixing period (ambient pH, pure water, coagulant dose :

Alb.
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Fig. 4.1.8 Effect of coagulant type on the reaction with ferron during rapid

mixing period (ambient pH, raw water, coagulant dose : 0.1 mM as Al).
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Table 4.1.3 Distribution of AI(III) hydrolysis species of alum and PSOM

after rapid mixing (coagulant dose : 0.1 mM as Al

G=150/sec (Pure water)

G=550/sec (Pure water)

Al
speci
es

0.1 mM (as Al)

GT=5,000
(Time:33s)

GT=15,000
(Time:90)

GT=30,000
(Time:140s)

Al
speci

0.1mM (as Al

GT=5,000
(Time:9s)

GT=15,000
(Time:27s)

GT=30,000
(Time:54s)

Alum | PSOM

Alum|PSOM

Alum|PSOM

€s

Alum

PSOM

Alum|PSOM

Alum |PSOM

Ala
(%)

17.36{15.71

12.57|19.04

14.34|14.94

Ala
(%)

14.42

21.04

21.23]15.09

11.37{13.89

Alb
(%)

62.25|55.21

66.36|54.39

67.27|57.70

Alb
(%)

63.94

53.28

60.10|54.94

68.68|56.50

Alc
(%)

20.39|29.08

21.07/26.57

18.39|27.36

Alc
(%)

21.64

25.68

18.67129.97

19.95129.61

total
(%)

100 | 100

100 | 100

1007 100

total
(%)

100 | 100

100| 100

100 | 100

G=150/sec (Raw water)

G=550/sec (Raw water)

Al
speci
es

0.1mM (as Al

Al

0.1mM (as Al

GT=5,000
(Time:33s)

GT=15,000
(Time:90)

GT=30,000
(Time:140s)

speci
es

GT=5,000
(Time:9s)

GT=15,000
(Time:27s)

GT=30,000
(Time:54s)

Alum | PSOM

Alum|PSOM

Alum(PSOM

Alum

PSOM

Alum|PSOM

Alum |PSOM

Ala
(%)

18.33|21.88

17.7620.25

9.92120.51

Ala
(%)

22.34

20.86

23.80120.61

27.17/21.13

Alb
(%)

60.92|57.86

62.0359.43

66.97|57.17

Alb
(%)

61.90

65.57

62.44167.38

61.4763.44

Alc
(%)

20.75|20.26

20.21/20.10

23.11122.32

Alc
(%)

15.76

13.57

13.76|15.01

11.36{15.43

total
(%)

100 | 100

100 | 100

100 | 100

total
(%)

100 | 100

100 | 100

100 | 100
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Fig. 4.1.9 Effect of Al concentration on the reaction with ferron

during rapid mixing period (raw water, ambient pH).
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Fig. 4.1.10 Effect of Al concentration on the reaction with ferron

during rapid mixing period (raw water, pH 5.5).
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Fig. 4.1.11 Effect of Al concentration on the reaction with ferron

during rapid mixing period (raw water, pH 7.0).
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Table 4.1.4 Distribution of AI(II) hydrolysis species formed after rapid mixing (Ambient pH)

G=150/sec (Raw water) G=550/sec (Raw water)

Al 0.1 mM (as Al) Al 0.1 mM (as Al)
speci speci

es GT=5,000 | GT=15,000| GT=30,000 es GT=5,000 |GT=15,000| GT=30,000

(Time:33s)| (Time:90) |(Time:140s) (Time:9s) | (Time:27s)| (Time:54s)

Ala Ala

(%) 18.33 17.76 9.92 (%) 22.34 23.80 27.17
Alb Alb

(%) 60.92 62.03 66.97 (%) 61.90 62.44 61.47
Alc Alc

(%) 20.75 20.22 23.11 (%) 15.75 13.76 11.36
total total(

(%) 100 100 100 %) 100 100 100

G=150/sec (Raw water) G=550/sec (Raw water)

Al 0.15 mM (as Al) Al 0.15 mM (as Al)
speci specl

es GT=5,000 | GT=15,000| GT=30,000 e GT=5,000 |GT=15,000| GT=30,000

(Time:33s) | (Time:90) |(Time:140s) (Time:9s) | (Time:27s)| (Time:54s)

Ala Ala
(%) 22.01 15.08 13.90 (%) 18.15 12.96 13.16
Alb Alb
(%) 56.40 64.64 63.01 (%) 63.82 68.93 69.99
Alc Alc
(%) 21.58 20.28 18.09 (%) 18.03 18.11 16.85
total total(
(%) 100 100 100 %) 100 100 100
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Table 4.1.5 Distribution of AI(IMI) hydrolysis species formed after rapid mixing (pH 5.5)

G=150/sec (Raw water) G=550/sec (Raw water)

Al 0.1 mM (as Al) Al 0.1 mM (as Al)

speci speci

es | GT=5,000 |[GT=15,000| GT=30,000| es |GT=5,000| GT=15,000| GT=30,000

(Time:33s) | (Time:90s) | (Time:140s) (Time:9s) | (Time:27s) | (Time:54s)

Ala Ala

(%) 13.70 11.90 11.26 (%) 10.54 12.19 15.54
Alb Alb

(%) 71.91 74.46 71.07 (%) 73.85 74.03 72.44
Alc Alc

(%) 14.39 13.64 17.67 %) 12.03 13.78 15.62
total( total(

%) 100 100 100 %) 100 100 100

G=150/sec (Raw water) G=550/sec (Raw water)

Al 0.15 mM (as Al) Al 0.15mM (as Al)
speci specl

es GT=5,000 | GT=15,000| GT=30,000 es GT=5,000 | GT=15,000 | GT=30,000

(Time:33s) | (Time:90s) |(Time:140s) (Time:9s) | (Time:27s) | (Time:54s)

Ala Ala

(%) 20.58 22.08 21.75 (%) 22.10 23.43 26.31
Alb Alb

(%) 58.53 58.66 54.85 (%) 61.15 57.54 53.08
Alc Alc

(%) 20.88 19.26 23.40 %) 16.75 19.03 20.62
total( total(

%) 100 100 100 %) 100 100 100
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Table 4.1.6 Distribution of AI(IMI) hydrolysis species formed after rapid mixing (pH 7.0)

G=150/sec (Raw water)

G=550/sec (Raw water)

speci speci _ _ —
es | GT=5,000 | GT=15,000 | GT=30,000 | eg ((3;,‘5’_‘;0‘)’ ?TT,‘I?;;O()’ ((3;,‘3(_’5‘10()’
(Time:33s) | (Time:90s) |(Time:140s) 1me-9s 1me.&7s 1me-o&s
Ala Ala
(%) 21.63 21.13 21.25 (%) 18.41 19.22 19.39
Alb Alb
(%) 61.80 62.40 61.76 (%) 66.10 64.58 64.39
Alc Alc
(%) 16.58 16.47 16.99 (%) 15.48 16.19 16.22
total( total(
%) 100 100 100 %) 100 100 100
G=150/sec (Raw water) G=550/sec (Raw water)
Al 0.15 mM (as Al) Al 0.15 mM (as Al)
speci speci
es GT=5,000 | GT=15,000 | GT=30,000 e GT=5,000 | GT=15,000 | GT=30,000
(Time:33s) | (Time:90s) |(Time:140s) (Time:9s) | (Time:27s) | (Time:54s)
Ala Ala
(%) 29.38 24.10 19.00 (%) 24.90 17.98 23.59
Alb Alb
(%) 49.47 53.43 56.35 (%) 55.30 60.78 53.52
Alc Alc
(%) 21.15 22.48 24.65 (%) 19.80 21.24 22.89
total( total(
%) 100 100 100 %) 100 100 100
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Fig. 4.1.12 Effect of Al concentration on the reaction with ferron during rapid

mixing period (G=150/sec, raw water, 0.1 mM).
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Fig. 4.1.13 Effect of Al concentration on the reaction with ferron during rapid

mixing period (G=550/sec, raw water, 0.1 mM).
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Table 4.1.7 Distribution of AI(III) hydrolysis species of alum and PSOM formed

after rapid mixing (pH 5.5)

G=150/sec (Raw water)

G=550/sec (Raw water)

Al

0.1 mM (as Al)

speci

GT=5,000
(Time:33s)

GT=15,000
(Time:90)

GT=30,000
(Time:140s)

Al

0.1 mM (as Al)

spec

GT=5,000
(Time:9s)

GT=15,000

(Time:27s)

GT=30,000

(Time:54s)

es

Alum | PSOM

Alum|PSOM

Alum|PSOM

ies

Alum

PSOM

Alum

PSOM

Alum

PSOM

Ala
(%)

13.70127.78

11.90{25.90

11.26/32.68

Ala
(%)

10.54

26.17

12.19

33.32

12.50

32.13

Alb
(%)

71.91]48.84

74.46|46.39

71.07/41.30

Alb
(%)

73.85

38.46

74.03

36.36

72.04

39.37

Alc
(%)

14.39]23.38

13.64|27.71

17.67|26.02

Alc
(%)

12.03

35.37

13.78

30.32

15.46

28.49

total
(%)

100 | 100

100 | 100

100 | 100

total
(%)

96.42

100

100 | 100

100 {99.99

Table 4.1.8 Distribution of AI(II) hydrolysis species formed of alum and PSOM

after rapid mixing (pH 7.0)

G=150/sec (Raw water)

G=550/sec (Raw water)

Al
speci
es

0.1 mM (as Al

0.1 mM (as Al)

GT=5,000
(Time:33s)

GT=15,000
(Time:90)

GT=30,000
(Time:140s)

Al
speci

GT=5,000
(Time:9s)

GT=15,000
(Time:27s)

GT=30,000
(Time:54s)

Alum PSOM

Alum|PSOM

Alum|PSOM

es

Alum

PSOM

Alum | PSOM

Alum PSOM

Ala
(%)

21.63114.28

21.13|14.19

21.25111.40

Ala
(%)

18.41|15.52

19.22|15.45

19.39]13.07

Alb
(%)

61.80{53.53

62.40|57.27

61.76]57.78

Alb
(%)

66.10|55.26

64.58(54.64

64.39|53.46

Alc
(%)

16.57|32.19

16.47|28.54

16.99130.82

Alc
(%)

15.49|29.22

16.20|129.91

16.22|33.47

total
(%)

100 | 100

100 | 100

100 ] 100

total
(%)

100 | 100

100 | 100

100 | 100
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Table. 4.2.1 Rate constants and characteristics for the reaction of ferron at G=150/sec

sample

Pure water

Raw water

Constant

ka(/min)

ky(/min)

ka(/min)

ky(/min)

Dose(mM as Al)

0.1 mM 0.15 mM

0.1 mM 0.15 mM

0.1 mM 0.15 mM

0.1 mM 0.15 mM

GT=5,000
(Time: 33s)

GT=15,000
(Time: 90s)

GT=30,000
(Time: 140s)

0.026  0.038
0.025  0.047
0:023  0.036

0.052  0.020
0.045 0.014
0.045  0.015

0.041 0.045
0.039  0.031
0.026  0.080

0.068  0.045
0.066  0.036
0.050  0.035

Table. 4.2.2 Rate constants and characteristics for the reaction of ferron at G=550/sec

sample

Pure water

Raw water

Constant

ka(/min)

ky(/min)

ka(/min)

ky(/min)

Dose(mM as Al)

0.1 mM 0.15 mM

0.1 mM 0.15 mM

0.1 mM 0.15 mM

0.1 mM 0.15 mM

GT=5,000
(Time: 9s)

GT=15,000
(Time: 27s)

GT=30,000
(Time: 54s)

0.034  0.041
0.068  0.033
0.028  0.036

0.063 0.016
0.067  0.015
0.060  0.015

0.042  0.041
0.041 0.026
0.040  0.020

0.065  0.047
0.061 0.036
0.057 0.036
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et al., 1990).
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Fig. 4.2.3 Pseudo first-order plots of monomeric and polymeric Al for the rapid

mixing condition and coagulant type (dose : 0.1 mM as Al, G=150/sec).
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Fig. 4.2.4 Pseudo first-order plots of monomeric and polymeric Al for the rapid

mixing condition and coagulant type (dose : 0.1 mM as Al, G=550/sec).
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Table 4.2.3 Rate constants and characteristics for the reaction of ferron at pure water

(Ambient pH, coagulant dose : 0.1 mM as Al

Sample G=150/sec G=550/sec
Constant ka(/min) kp(/min) ka(/min) kp(/min)
Coagulant Alum PSOM Alum PSOM Alum PSOM Alum PSOM
GT=5,000

0.026 0.019 0.052 0.030 0.034 0.020 0.055 0.029
(Time: 33s)
GT=15,000

0.025 0.017 0.045 0.035 0.058 0.020 0.063 0.040
(Time: 90s)
GT=30,000

. 0.023 0.016 0.045 0.030 0.028 0.018 0.059 0.032

(Time: 140s)

Table. 4.2.4 Rate constants and characteristics for the reaction of ferron at raw water

(Ambient pH, coagulant dose : 0.1 mM as Al)

Sample G=150/sec G=550/sec
Constant ka(/min) ky(/min) ka(/min) kp(/min)
Coagulant Alum PSOM Alum PSOM Alum PSOM Alum PSOM
GT=5,000

. 0.041 0.032 0.068 0.064 0.042 0.037 0.065 0.060
(Time: 9s)
GT=15,000

A 0.039 0.033 0.066 0.061 0.041 0.038 0.061 0.060
(Time: 27s)
GT=30,000

A 0.026 0.033 0.050 0.054 0.040 0.039 0.057 0.061
(Time: 54s)
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Fig. 4.2.5 Pseudo first-order plots of monomeric and polymeric Al for the rapid

mixing condition and coagulant dose (G=150/sec).
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mixing condition and coagulant dose (G=550/sec).
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Table 4.2.5 Rate constants and characteristics for the reaction of ferron at G=150/sec

Sample Ambient pH pH 5.5 pH 7.0
Constant | Ka(/min) | Kb(/min) | Ka(/min) | Kb(/min) | Ka(/min) | Kb(/min)
Dose
0.1 0.15( 0.1 0.15| 0.1 0.15| 01 0.15| 0.1 0.15| 0.1 0.15
(mM as Al
GT=5,000
0.041 0.045{0.068 0.045|0.045 0.024]0.052 0.041 |0.039 0.024]0.046 0.038
(Time: 33s)
GT=15,000
. 0.039 0.031{0.066 0.036 | 0.038 0.021]0.058 0.038|0.044 0.019]0.050 0.036
(Time: 90s)
GT=30,000
0.026 0.030{0.050 0.03570.024 0.021|0.062..0.032 |0.049 0.020]0.049 0.025
(Time: 140s)

Table 4.2.6 Rate /constants and characteristics for:the reaction of ferron at G=550/sec

Sample Ambient pH pH 5.5 pH 7.0
Constant | Ka(/min) | Kb(/min) | Ka(/min) | Kb(/min) | Ka(/min) | Kb(/min)
Dose
0.1 - 0.15| 0.1 0.15¢4 0.1 0.15| 0.1 0.15| 0.1 0.15| 0.1 0.15
(mM as Al
GT=5,000
A 0.042 0.04110.065._0.04740.037 0.028|0.060 0.050(0.079 0.018]0.053 0.039
(Time: 9s)
GT=15,000
A 0.041 0.026]0.061 0.036(0.061 0.028]0.058 0.038|0.060 0.028]0.054 0.033
(Time: 27s)
GT=30,000
A 0.040 0.020]0.057 0.036(0.044 0.023]0.066 0.045|0.044 0.016]0.035 0.032
(Time: 54s)
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Fig. 4.2.7 Pseudo first-order plots of monomeric and polymeric Al for the rapid

mixing condition and coagulant type (dose : 0.1 mM as Al, G=150/sec).
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Table 4.2.7 Rate constants and characteristics for the reaction of ferron

at Coagulation pH 5.5 (coagulant dose : 0.1 mM as Al

Sample G=150/sec G=550/sec
Constant ka(/min) ky(/min) ka(/min) kp(/min)
Coagulant Alum PSOM Alum PSOM Alum PSOM Alum PSOM
GT=5,000

. 0.043 0.023 0.050 0.040 0.069 0.046 0.066 0.053
(Time: 33s)
GT=15,000

0.045 0.022 0.056 0.053 0.054 0.047 0.060 0.057

(Time: 90s)

GT=30,000

. 0.047 0.021 0.060 0.043 0.045 0.052 0.062 0.065
(Time: 140s)

Table 4.2.8 Rate constants and characteristics for the reaction of ferron

at Coagulation pH 7.0 (coagulant dose : 0.1 mM as Al
Aample G=150/sec G=550/sec
Constant ka(/min) ky(/min) ka(/min) ky(/min)
Coagulant Alum PSOM Alum PSOM Alum PSOM Alum PSOM
GT=5,000 0.049 0.027 0.053 0.031 0.043 0.030 0.044 0.036

(Time: 9s)
0.052 0.040

GT=15,000
0.041 0.029 0.052 0.032 0.070 0.033

(Time: 27s)
0.031 0.049 0.037 0.048 0.037

GT=30,000
) 0.030 0.031 0.033
(Time: 54s)
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435 Effect of pH on coagulation condition for turbidity removal
(coagulant : Alum, G=150/sec).

- 115 -



(Alum)

o

=

2 g% AAR

L

2) W7} % 550/secoll Al & pHol w

o I N w R
i Ewmh%éﬂﬁzﬂlwﬂ
MM S ET B e Ry = =W KR
= D : O_H - N O_H ~ B IR ey OE NOX = 7 =

= w 20 o o N =) o Vo™ Nm —_ & B ® M T Ne _~
Mo <~ s o = Ho 3 B E ] o| oy A = T o o i o H o~ o
i gﬂmﬁzﬂu&gilzgﬁﬂ%ﬁ Mﬂz%ﬂ#ﬂ@ﬁgﬂ%

20 Tl L = = op = s

E__mnF@%ﬂﬂ#W%%%.zuﬁ%yhﬂmeur ﬂqu%lo%%
o o e I B G T = R S oM T

=D oo Wy - = i mooF M W T T < EE P T T o
1_&%%ﬁaﬂzylﬂ%lﬂgm < LEE Db ¥ ]
M%ﬂd@ﬂﬂ%u%&ﬂ%o7mta)nﬂﬁmﬂovgarp%@¢.@|.
N e oy El%@r mj pr— T2 & o T IS )
< X X <Y ° O X T N T < oF = B
N < ° o7 N/AN 2 N Y\ P = oo ) T
= o o oW N o N = w2 =i P oyp < CER dn o @o
= o T B o S5 T T bed, g QW\E L <

53 “A| T 2 E.ru = =) N E.E o = T R (v PN\ B ‘_Irx_ﬂ o o . nma H — o
g O CRESS X " o 4 dp 2 o) Mo Nd T o~ . < B ay s °

T n S Ak %) — = o < ~ N B w-

e J N L0 H ™ L ay _W M_.L X be m W R nﬂu ) = #Mu o N T R iy
o°  ~r i moAr T ° - =1 b _ AR
) 5Hp_,u17ra€Wﬂ_} ﬂ:_AIWAHurm lﬂwrmo:éi%

g 5 & ! = v ol BT L S o o W % o
w5 W ’ mM 8 T (W= g K ° 8 = w3 = T g opw bow oo
P _ _ - ) - = — - 2z _ —_— T X
@a7@@owigwiméﬂqwﬂ%%@xhq%%o%Wﬂ

N oo T e Jalal’ - oo I PR~ I~ N o _—

J). = B o ™ o WO - o o TOToRe
® = ;iy E] o X ol o ok ogn = ok o W = I+ o T ) W /m\ 3 ol £ =5 = <7 o)
R A N T ST T i T = =07 Z B o o s o W
oo oo e o =S o M = o " " < o E < H © mn
R o ol Gl B MM_ < oy m 20 ) T Ww o H B o= o 4 ) © T 27 T
o ow ok T oy oo 2 XN\ w ol 4am_mgagggpefa
S g o S T N X L e Mg 5 B R = =

do X 3 S X S R np o B o Ho op T OF -
¢ S oy . E £ IH moNe = et W.* v T o) — o W B! ma < T W 51 oy oo —
o < Np & ol i No WT ROTO R TNy WA W ooy N T © S

. _/H_ ,Ul ‘mw — — ‘Ul :.L AT ‘HU MW o N G L . © — ‘WI #E N Lf ,H o~
%wrgmﬂqﬁoe__%m &ﬂswﬂ%ﬂmHiyﬁ.%ﬂﬂaﬂ
S T oo F MMﬂzWoT%Lﬂ@HE%p%?ﬂﬂr%m_%%%Hp
< 7 8 T o W T T - Hv_ o @ T 7= Y ON = T o & F
.ﬂ/sﬂﬂaﬂmui_&ﬂgﬁ EE Ll me ®EER W
T LE S T2 benlfe 2T ET T E g b kD
..R Xo) _¢o 3 o#a ZT — 1__/I = B R 1% an! oﬁo 6 =) OT El X L Zru it

B 5 8 o= < My = — - = 3 ook ) i g
o T = = 4] Nlo o — % T x © ~ o dp ¥ W oF
O T 4 T E N R T R 5 xu ° o = my —_ T 2w

IR S oo B N Moo XD °
T oM b Zom oF G B i
T < T MOT 3 % Ne
X 5 ™ '3

116 -



o
ol

iy

~
Njo

Holxu

A% $RAAN S5 W

oy

2= S A= R H

o

wEole

—_
o
oo

=)

w-

OH , HCO3

-

L

2

2

7 FEEE AgH o).

=
-

sl %o

)

N
do

—_—

o]

X
=
o

|

ofelwtzt fr7l& 55 ol

=
o

i

Ko

\_ﬁo

(ex, AI(OH)3(s)o] o]

o]

1] °]

oW
o}

jase]

o

sl
vl

K
!

fils)

il

Sl Wk ol

2]

S A Al ot

w
vl
=

117 -



95

4,;
S
>
[8)
&
s 97
©
T
>
(@]
IS
()
T s
2 —@— GT=5,000
2 —O— GT=15,000
S —w— GT=30,000
'_
80 T T T T
0.00 0.05 0.10 0.15 0.20
Dose (mM as Al)
(a) pH 5.5
95
S
>
(8]
5
s 97
©
©
>
(@]
IS
[]
x
> 85 1
2
o —@— GT=5,000
5 —O— GT=15,000
= —w— GT=30,000
80 T T T T
0.00 0.05 0.10 0.15 0.20 0.25
Dose (mM as Al)
(b) pH 7.0

Fig. 4.3.6 Effect of pH on coagulation condition for turbidity removal
(coagulant : Alum, G=550/sec).
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Fig. 4.3.7 Effect of pH on coagulation condition for removal of organic matter
(coagulant : Alum, G=150/sec).
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Fig. 4.3.8 Effect of pH on coagulation condition for removal of organic matter
(coagulant : Alum, G=550/sec).
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Fig. 4.3.9 Effect of pH on coagulation condition for turbidity removal
(coagulant : PSOM, G=150/sec).
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Fig. 4.3.10 Effect of pH on coagulation condition for turbidity removal
(coagulant : PSOM, G=550/sec).
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Fig. 4.3.11 Effect of pH on coagulation condition for removal of organic matter.
(coagulant : PSOM, G=150/sec).
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Fig. 4.3.12. Effect of pH on coagulation condition for removal of organic matter.
(coagulant : PSOM, G=550/sec).
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Fig. 4.3.27 Changes in UV24 as a funtion of filter size for raw water
(coagulant dose=0.05 mM as Al).
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Fig. 4.3.28 Changes in UV as a funtion of filter size for raw water
(coagulant dose : 0.1 mM as Al).
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