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Characteristic of Al Hydrosis Species in

Coagulation Process

So00-Sug Jun

Department of Construction Engineering, Graduate school,
Pukyong 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(I) formed by AI(I)
coagulants and to evaluate the distribution of hydrolyzed AI(II) species by
coagulant dose and coagulation pH. When an AI(I) salt is added to water,
monomers, polymers, or solid precipitates may form. The color intensity for
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 purewater, formation of dissolved Al
(I (monomer and polymer) constant by rapid mixing condition, but for
raw water, the species of Al hydrolysis showed different resuit. During the
rapid mixing period, for high coagulant dose, Al-ferron reaction increases
rapidly. The kinetic constants, Ka and Kb, derived from Al-ferron reaction.

The kinetic constants followed very well the defined tendencies for



coagulation conditom. For pure water, when the rapid mixing time
increased, the kinetic constants, Ka and Kb showed lower values. Also, for
raw water, when the rapid mixing time increased, the Kinetic constants, Ka
and Kb showed lower wvalues. At A/D and sweep condition, both
AI(OH)3(s) and dissolved Al(II) (monomer and polymer) exist, concurrent

reactions by both mechanism appear to cause simultaneous precipitation.
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species< tpe] THolRE zZte AP Eo|, it ol FAols A AS
polymeric speciesz} gttt FFolA e dFuly FAZEo L5 = ¢FusH
HE 73 &304 F oot 84 disted & A+71 o] Fo14 dh(Hem
and Roberson, 1967). Table 2194 K& 7z 59 <4095 7428 HPASE

UYEtd o2 Table 219 ZFEE ol&3td dFujy FisE9 &S Fig.
s 3

g Fihol2Eol ¥ ¢ F Uvh WA log(8EE) Y pH 2P =ZE= &4

59 ol dF FAs} HEAFE ¥ TS JEhY Y8 AHEE 9

tlo

[e]

tio

dulfel utHe H4L pH 45013k} pH 8ol 4o 4t 2]

F31 9tk pH 450814 Al (H:0)%", AHOH)(H:0)s * , AOH)(H.0)s * 7} F &
$ olF9 olx AIY, AOH®* AIOHy)'Z XHAH7% 5w pH 8o|4e 7
Al(OHs) 7} ¢ o2 EA (Schofield and Taylor, 1954; Frink and Peech,

ofN

o] FF

—_

1962; Baes and Mesmer, 1976).

Table 2.1 Equilibrium constants of aluminum hydrolysis.

Reaction log K (257C)

(1) AI’" + H,0 = AIOH*" + H' log K1y =—4.97
(2) AI’Y + 2H,0 — AI(OH),* + 2H" log K1z = —9.3

(3) AI*" + 3H,0 — AI(OH); + 3H" log Kiz = —15.0
(4) AI*" + 4H,0 =— AI(OH),” + 4H" log Kis = —23.0
(5) 2A1°" + 2H,0 — AL(OH),"" + 2H" log Koz = =77

(6) 3AI"" + 4H,0 = Al;(OH),”" + 4H" log Ky» = —13.94
(7) 13A1°" + 28H,0 == AlL;0:(OH),, " + 32H" log Kis, 22 = ~98.73
(8) Al(OH)3em = AI’" + 30H" log Kam = —31.5°
(9) AI(OH)s) = Al’" + 30H" log Ky = —33.57
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Fig. 2.1 Solubility diagram for AI(OH)s. monomeric and polymeric Al

species in equilibrium with Al(OH)s. ( Dempsey, 1989)
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dEel v . FAHAE T AF TEMFHY iG-S dAANR dAHE
LFuE A2 F £ OH 7|6 A¢E FA gk ol I E £99
pH7t S7184 8 4FrF 229 AU e JtFislz Asf grsdie 19 &
Aiz dFrlEe LEAs Hy dFvE o) 2

g9 o AAA 2 FHeln 2o Rixwg EFvEol2E Fig. 2204 =43}g
AAY 270 OH & FHfst 2749 €847 AAYe=z U3 dimer (AL(OH):
(HO)%™)e) dejz A%g & vk 29 THH OH 7] o]&e 2749 LFuF oL
W AZHE 2% OH 7MY E o] F1 olejdt AF L F4b3t &7y Z2ATF2
7120l "ot 2y o] &FulF dimerts GAE Fo HEZ YA 2ovy g
M BE dow EAEA FevhHsy, 1977). 59w 73 AHE(AHP)Y ez}
3t 54 miFtEe B8 AdAFAS M AFEAA g (Stumm and Morgan,
1962; Matijevic et al, 1966; Hsu and Bates, 1964, Aveston, 1965, Matijevic and
Stryker, 1966, Hem and Roberson, 1967, Stumm and Morgan, 1970; Schoen and

Je
ot
i
inj
&2
o
i
o

Y% 72

Roberson, 1970; Mesmer and Baes, 1971; Smith and Hem, 1972; Baes and Mesmer,
1976; Hsu, 1977; Bersillon et al., 1978). ¥4 F& F4 pHolA vlu® fMFo
2 Yyeua Ao oHT (Bersillon et al, 1978). 8 AFAEL o] =23 E
2 HAg ezt obum Aol FAHANAM FIHAES tF e HEE §o o
A Jv # Aakgda 9ot (Stumm and Morgan, 1962, 1970, Park, 1972). &3,
e AFAES EouA T2 GRS AU Jdon FA5E ZYvd b s

}E}-

€ A48t (Matijevic et al, 1967, Aveston, 1965 Matijevic and Stryker,
1966, Mesmer and Baes, 1971; Baes and Mesmer, 1976). ¥ ¥ d4x £ ths9
Z2riEol EAstn ol EeHFEC] Arle pHYt ¥ E HA Sk pHel A
2ol welt 1 A7lE F7Rga §1% Y (Hsu and Bates, 1964; Aveston, 1965;
Smith and Hem, 1972; Bersillon et al,, 1998). o]2{3F Asis el A a 294
Aol oA FHEHUSH, ol rhddt EFelve| Arle Eevd 4Fvw o
o) Fo] W&t} 3Pt} (Patterson and Tyree, 1973; Stol et al, 1976; Aveston,
1965). oleldl Ee]m =52 gibbsitet} baveriter2 crystalline 4Fr w5438 29

sub-site 3 E ZHA T Qo olH FFzel 7B sub-sitetRE EF vl EA ol olF

5

o] OH''7] 712 ¥ &e 6rhe]d oz A% o 9rhHsu and Bates, 1964, Aveston,



1965; Hem and Roberson, 1967, Stol et al., 1976).

ol &AM AN 833 B #ste T 38A At F&o
2o hgReolth. FFrFOI(AI)E FEANYAN 4A HERAHY A5 F
of OH e°l¢j9] 7&t FPHA Y} =digand)7t & o AA59 pH ZA3HA
OH eol23 o2 7txe] Z3d ez SAgrh 22z A 7teesh 2 A
€ ¥/ (precipitation)®] wlAYF BT olsle A SHHY FHaT Hof
AM F&F g<olth 53 AIA AL 54 dolM 7heRe] whgo] F2
S Zte olfre st AAHE B AHE 4F Al stgRE) Fo) 737

02 $HEAS Uetgy] "ot d2A slgEe £ FoA Zev A Ale
FE FHEGE W o RE SANE du Y FFo da 2o A @
olo] 7} &&AQ 7t Foz g dd (Pouillot$} Suty, 1992)

stsjo] EAstE Alele, AH0) 9 4+ 8 9799 gzt X @utgoj

o590 dukdel wteA2 WL (monomer) AEIQ Al 3RS 92 mAE

o 535 e Al o229 ©AH e bR BhgS vrERAT
Al(H:0)6" + HxO = Al(H:0):0H> + H0 (2.1)
T=
AP+ HO = AIOH) + H' (2.2)

Aol AP o] &3 AgE HO =g A,

ANOH)* +H,0= Al(OH);' + H' (2.3)
AIOH), +H:0= AlOH); + H' (2.4)
ANOH)3+ H:O = AKOH); + H' (2.5)
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Fig. 23+ A &AM Al Fo] AOH); 4elZ Wslste 3L Yetdu g
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93t wel gE2A Jehdez 498 Exsitds A2 & F o ojgA %3
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Fig. 2.2 Schematic representation of the dimeric cation

Aly(OH)2(H20):"" (from Hem and Roberson, 1990)

N -— ——— .—/ — O ——e

+3 + 4 + S +6
Al Al (OH) Al (OH) Al (OH)

2 s 3 4 ] 12
: : POLYMERIC SHEETS ALUMINUN HYDDIOXI0E
CONTINUE GRQWTH FORMS
.8 +12
Al (OH) Al_(OH)

12 22 K] 60

Fig. 2.3 Formation pathway for aluminum hydroxide

deveiopment. (Flsu and Bates1984)
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Brosset et al.(1954)% Hsu(1977)¢] 2 Fvg9] 7t aio] #3 AFAA Zdnje
A% dFrlE FAsEe] AR FAEG L QY AAY GFuE FAEE
dFulE ol&& OH 7hael o9&y ddd" 6748 gFzxz BX otk
Al-OH-Al 2388 we} ¢FrjF o] Alole] uidtado] g A 23w
a3 FEe st @ 4 o i e ZevdME Hegy Zy F
o] A Fejetd LA Fzivjeo LFuF o] &3} OH o] Alold] wjde &%
v TAEES fAE wdS 3H(Fig. 24). 284 &F0E FASHE FRA
EAelel 2t OH o2& 94 1749 @R nFelen dds0] gloj fdoM H o]
23 @y JFYo £ muyg LFujF 2859 jseelectric point& pH 80 -
92 W olmg dFnE FAGE QAEL A9 AN JAHEHE ¥ 9o}
dFvlE AT dAdste 9 2717 ZFadel we F7h$d (Amirtharajah 9

Mills, 1982)

in)

A

Johansson (1960)2 NaOH/Al molar ratio’} 25¢ BR A o2 Z3g dFnFd
fdo NaSO.& H7bsle] 243" F0UFny 949 Azsgon o AHFL

X-ray F2EA ] & (AlOs(OH)a(H0)) o) 71 Bet9 2 7450} 9tka 34
ATk o] FEE e dFulE oo 479l i o] Lo] 4HAE wWHAY T
o} a1 a7 A= 48 A 47)e) Al A 4719 trioctahedral OH-Ald] 2] &)
Al &9 #4dUdd (Fig.25). Johansson(1960)& £ A oA el OH-Al Z2v]e o]9}
22 dAmdelgta FAHT FAoA o] Fo| EAq= YARYIE AL
Aveston (1965)° oA A= U

Akitt 2} Greenwood(1972), Akitt ¢ Farthing(1978)2 Al NMRE Al&3le 5 )
© peaks WEEUT b} peakE R-vlA 4FulE oo 4 Hi e
peakt 2™ Fodol AlO2F9 ¥¢Fvly 4R FHol Atk o)ed NMRe| &
ATE oF w2 A7 s @ =g (Bottero et al, 1987; Bertsch,
1987)
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Iig. 2.4 Schematic representation of network of aluminum
hydroxide octahedra(gibbsite pattern).

Fig. 2.5 Structure of (Al304(OH)2a(H20)1) ion

A1‘|_




213 &59F 7t s 54 ¥4
Ald} #ZEstAge] REEEEA AIFES M3 Wy els 8-quinolinol chloroform
Z9Y #HE (ferron, 8-hydroxy-7-iodoquinoline-5-sulfonic acid) %, aluminon
Wy ol ok B dAFolAM= of FolA ferron WY (Parker,1992)0] tetsla, A &
&H, Al ferrono] FLHAEL WA S Ko7l W&o ferron (8-hydroxy-7-iodo-5
—-quinolinol-sulfonic acid)& A&t 29 dFoME REHoR ZFig ¢4F
nE £H3 HEAGY S5 TEF FFEY FHE AL 2UHYEE &
FFEAE ALY Ferron Davenport (1949)0 ola] Al AHFEAL Y £
5 A th Smith(1971), Smith9} Hem (1972)2 R &2 o2 F3d Al £ddA Fixn
Al# ferroneo] FA Btg@dtie 7 slelA Rxve} EEwE 7R3 th Bersillon
(1988) and Smith®} Hem (1972)& X :-v] AlS A FH37] A8 SHEE FAHE u
AAA% greg AASAY. Smithst Hem (1972),
Tsai®} Hsu (1984), Bertsch 5 (1986)2 Z2lv A hydroxy-Als} ferrone ¥Fgo] 2

Ab 12 WEE-498E (pseudo first-order kinetic)S WEth:E AL A Attt Jardined

&

o
rle

o

>

302 WEAIZF Fe

ook
of

3}
s ey

fju

Zelazny (1986)F ferron?} Al § o] d&H o 7] dxuh&-FAZ mwv] Al 8
&, polymer Al®] =l WFS ml¢ 2 2 polymer B FZol=4 Abelel Al vF2
o2 el Y. Jardine¥ Zelazny(1986)+= Az F

@ HAASHS st gl AAe g Tt FFH=-AzH & L3

A AE A3 &g o]F ) Jardine® Zelazny(1987)= HE 250% 2 #& A7 St
= 5 7FAe FAAQ oAb 2zpRbg 02 Husir]d AHGEtin HxEgon Zg
HAAZFoFH wEA wEote RUnAES Fdsr] HalA FAC 1AwEE o) &
o] HolHS EAcAY. ol58 Brh F&sA 4F eSS AFsHn HIsA
ok 3 HETe] 95 AEE pseudo nEAFEo osle] EAET AnA o g tha
 thE g R E RS2 pseudo 23HESo] ote] oL AeA wAIEUY T Hu
&t Parker (1989, 1982)& fAtSH A€ Ak b1 o) ol A& AT
G Eu ) H#abe] 9hee AAE pseudo 23S0l HFE, gL FrE
FS-& pseudo 1akgEgo B Yxjgvia Husth oy A4S osA @3

o
UEiE 3Rl wgol SAMAD dALFuEe 30Pde] 418 Jojdrin

32
i

=

9
o

T

(oA
—u‘u’



Hekg, gz

gue FHme e

precipitate ¥ Y& YebdHTH

iAoz

Ao,



2.2 Z3H(Mixing)

FAE FAAM EFTAL 2 kA gANM olgEHAAEY 1 % 37tA Fa
A & 2o
(DInitial mixing or rapid mixing (YAt BrASE Y& <A A7 712 we
&%+ 4) (2)Slow mixing or flocculation (2¢H43td A2 N2 FEAA B
F4e AAs=d AHEHANE E/FA) (3)Mixing of disinfectants (1] & )

BAe A A A £25FH) AHgE o A EFTA)

B

714 EF(mixing)ol & STHFAFT WEE 714 EEFA(rapid mixing, slow
mixing)ell 3 A& L3l=d, Rapid mixinge A} @8 A7 e we
S X 95588 dPojx 1, slow mixingE YA FS5o] o3 B
BbES onjgtn A&“E i olz} HH o)

Fig. 262 SR8 AZ alum(aluminum sulfate)2 AFE3 A9 g2 5 7F

A EdEAe =4 el Aol

_ Incipient Solid or Soluble

Chemical hydrolysis Specics
AL(OH),™
o~ - %a
ce © g e O

< Oe
OO0 [P > 20 | By
Qe o*(:oo_.?:* Ce PZ ﬁ‘*

Colloids AlOH):(s)
PARTICLE DESTABILIZATION FLOCCULATION
- SLOW MIXING
RAPID MIXING

Fig. 2.6 The overall process of coagulation with rapid mixing
and slow mixing.
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&3} ¥ A (rapid mixing, flash mixing, %% initial mixing °o]& 1% )L 8

g A A (flocculation)o] Aol §AAE A alstazt sl Ao w2 FU&4 B

AANA FoEA JdAEE BRAA BEdAssteH AR HAAE e FEY E3
TR ddele FAHAM FE5ERTAY KT FHL Fddtes B ES

T SHAAE wEn ddstA FAAIE AoE AAAST, EHIAATALS A&
e FEel dojved Zod FHE ATe dAR AFHIAR o
(Amirtharajah, 1982). 223y B2 AFAE 9ste F£EFAHLS 2 ooz
A4 E el 25 vk Amirtharjah(1982)e] 2l3td Tl F4£EHTHL AFF9
Exolegt FHAY Jtrds A9EH] HES AFIEE metHojm Aol
stAth 2811, O'Melia(1982) §4 &35 FEAHE A5 BAAHI}E 7
Tat= Aol e, olRAE FHAN HAAI] BEidoxm Froj=gle] HE

o] HHo] o]FoxA] Ferpw EotA 3 (Destabilization)E 4oz £ ¢gla, E9AF

O

i)

R

H ERoEy RS HEZ797 FojA A G=vd aggregationo] o] Folz A S
Zol7] weol SRAAY st EHS dAs AAEY FEdAE AR uj$ ©

AL 7FA 2 dohs AL JYebd cH(Benefield et al., 1982). &, TXE3FAAA] @

Y
ot

AL FAHR FAANA P Fad At I £ JdH(Moffett, 1968). Vrale and
Jorder(1971)& o|2lst F&HEsFHo] HAEs A FAEHA A OH FEITAH

K
&
2
o)
olo
o
X
-
9
é
£ K
£
2
o
.>,:L

£9| aggregation rateE A dozH T

X d%9 $42 AANAI ek TR FEEABHE
FEEAY $A-AA-ABFA] Ggol AYAL JL AL WS TR A
B3 @ 4 Atk 53 aumeld 2R 2 FHA SUAS ASss AaA el
ol FEHEHE B FRA AT, 2 olft 34 WA AERAT
EAel Aefibm, oleldt ARl YYRBel Brol= e FHHE We =@

v w2 A Adojupr] mEo]HAWWA, 1990).
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FEESTAN 4L A= AAES A8 RE g 2o

1) coagulant

2) mixing

3) time

4) colloidal or organic matter

5) water

o]z g JAAEL o7 71X Hyog M2 AT AL3=d), Fig 2744 F£5&3d3F
Aol Ao &S Fv AAS9 FxAES Jerugith
Characteristic of rawwater
Iype of coagulant
 Colloid and orga
Destabilization
Mixing intensity
Mixing time
Fig. 2.7 Parameters influencing the outcome of the rapid mixing process.
TRAAG FRol=te HEAEE 2y Hre e EA 9 ®e s
= oz 4 A o E3Hmixing)w SR A BAbE A E W FEgs Fo
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SRAY A ukgd XA} LAEARY F3 AL U AFE dH ¥
Bl Bo] o]Folx }(Joren, 1968; Vrale and Jorden, 1971; Letterman et al, 1990).
olE¢] dFE aggregation kineticoll olA FEEHEA Qo] g HoE &
HA 7t T 4 ST T2 2HE 953U dAY Amirtharajah and
Mills(1982)& FH e AA alumo] SHAZ ALgHR uf FHEFZHO clay
suspension®] EH A7 A oy X
AP 259 A7E 55EHEHol od pHet Al T2 HHdMe 4533
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' Destabilization

erization Precipitat
* Hydrosis ‘Dispersion /L

©©\r

Particle and organic

Fig. 2.8 Sub-Processes in the rapid mixing process and their interaction.

,18_



23 58 ¢4 WAUE

FAZAN 5458 ¢-AN A% $HL sweep £ F & - M 8F 3Hadsorption
and charge neutralization) #7tYF 22 ¥t} Amirtharajah and Mills(1982) 3
Amirtharajah and Trusler(1986)= 1% 33 vzt Sl wel a7HolAE 4
T3t 21E& ZAs] fg AEE A agla I £E/7184d0] THMs
S AR AFEAYe] HIHAWA )5S HUF AAsY]) 9T Wrez
Enhanced coagulation®] g} &t pHE ZHdlezd £&2571228 Hud 27 s7)
Agt EshAe] d¥x gltd. 8tA 9 Enhaced coagulaitone 93] wA Sweep

Sdel ¥ Heorh

N

AeRd Hes ANE 25PL SUAR ojgdle] datFHe Fro=E Bl
AHA7E FA - AskFed dAUZe YoMt FHe] shaie] wgo] @R ol
FEEANER AT ool FDTANA ARH 4R B3 Trol= 4t

e FEE FEstojobwt 3O 'Melia, 1972; Letterman et al, 1983).

A 7R3 < monomeris microsecond ©)Well &4 % 31, medium polymer
= 1xzolulel A" tHO'Melia, 1972). Aluminum hydroxide precipitate, AI(QOH)32]
Fde o =g 1~7% Alolo] dojdti(Letterman et al.,1983). 22 A3}
3 Aoz dojur] e A5l SHAE wEA BAATE A
(0.1sec ©]3h)o] 0.01~1zxelM 2Edte= 7tFFaFo]l FRoj=g EdANNNNE
2 sted FFAHoln. wbdd Randtke(1988)% pH7F 5~64 A$ &3 Y
2 - detF s "doka wagh up gloh 3k o] 5(1998)2] A el oehH 425ty
Aol kel Fho]l o] selH UM o]Eo) YA AR pH 40]F 7R A7 &=
e Bastvh olwf dZe]lwy pH/F w2 Aol pH Astddo)l v &A

Uebe $E 57183 AA S AstEE Ao dehdoh =8 ghA Szl

pH 6501 el = Ay asdd of¢ 2 dgs vz o), 1 olsdAe &34 g
Aol wE atelie] A9 gle Ao Rustdch 99 A& g w Fa-d



stz 3t WItIS S SHA FAADH st g Aol AAM, SHA A
AME zo] vk atF o] olF xHo] rhed Aoz dAddd R 9
AZRE A 9%, pH, €2 Fo] HEHo A&t Ao #dd F 9l
o}

b

23.2 Sweep S A a5}

Sweep 2 AolA on] AWHYE] SHAMLTY ol HFe) ¢YAE F
Y3kl Enmeshmentol]l o3 F2ol= S4 & AASE WA oz A, AEAAM 7}
 Wol A8H I e Esoltt ojgd A BWeol AHEHE ofE FAHEEE E

gHoR Redo| AP A AHHA $HAELS Uehhy] Wl

o sweep$ ol dojus B AAE HAEE T dFulyg A2 A

ol durAl S FAAMNE Bo] F& AHe L5 Bl 1000~100008 A= I}

P

¥3}5o]  9dolA  precipitate’t 1~7 ghol  wi e w24 HAES FAIo
(Letterman et al, 1983). WalA o]2st 2 E Z2o]l=9} A 7te £
o4& T&HE ZEHIAAGA vl @ Fadtth & Sweep +FH ZASHAA

T &S AN w2 AR FHEs ] dFE U FAN BFS

Mills(1982)2e] A4 AT & UE
Z Gavg=300sec "ol A Gave=1600sec ' 7} %]
WA A F45E3E 89S W jar-testd 3 30% A T AAME gEE 569
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31 292 A

® 4gd AR awgAE $AYAN dwHoz ol AEHT Yt Jar
test A2 6719 WWFANE 2EI Utk WukAZEe) wE FFT mFEel o
2 vnole} 7] Wiel 6748 FH F 1Mol AL AHgal

paddle(two-blade)2] Z7]= 254% x 76 cmo)n] wurELE
(Phipps & BirdAbolth, mxbell Abg® whgx HoE 20830 Adsd Astm gl
efol whel wwbAl AR

AT ot AzAldA AT LWNRE G ARG AZY drel

o}, 3 ankgrol Aua ML 9Eo wez Ry
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jare] A antsbs Fob 2o el o3 vortexE #AaA7IH A Eo] FHIL of

oj 2 &

14
i

u
2
)
i
32
N
£
Shl
2
(o4
lo
2
iy
L
v
2o,
i
0ot
offt
rO
flo
1
fo
E
o
N
N
-

Fig. 3.1 Schematic diagram of Jar and paddle
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=3 44

wEuRF WA Eel wukAlzle] wE AlM) 7teEsF] 5SS 2AMEY
A durao g gol AMEHI UE dFuFEA SHAY Alum(Al(SOs)s e
I6H:0) A& 8ke] 7h28] F9o EA4E At Table 315 2 Ado] Al&d
SHAL AMZFY XSS etk Alume 3% B52A Al 90%°)
2 AR Aok SR Aol A18"E jar-testers 22L& %ol AIAE  jar®
paddle(two-blade)?] dHAHE A&t A FUAFEEE 0.25M stock solution
& Azsto], YT A AT AFFRsel o TS HAaslr) HEAM 24
A7y Aol 10 g/L. dosing solutiong A ZF3le Algstgy). FE£E5e auigrs
G=150sec !, G=550sec "ol A} WHIAIZFS WE A4 0w 371 WEFF T A GTEL 2
5000, 15,000, 30,0002 A3} o] wHA 7S WA 7Tk

Table 3.1. Chemical characteristics of Alum and PACI.

Conc.(mg/L) Al, Aly Al

Alum 1%10* 83% 8% 9%

Als: monmeric Al, Al,: polymeric Al, Al.: precipitate Al
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3.3 Al 7t5&8 T2 5449 (Ferron method)

Al 7FrEsES 243 Wyl 8-quinolinol chloroform %Y ferron
(8-hydroxy-7-iodoquinoline-5-sulfonic acid) %%, aluminon %3, Al NMR®# FI-IR
T Fol Ak o] FolA ferron WH-E Hddtn HEsle R AFAE 9
sted AFEE T glow ferron FA W oJstdl £FE AN 7trE3FS Al NMR
¢t FI-IR BAWR o3t H2 APZTE WYPozA AP0l g€ v U9
(Jardine and Zelazny, 1986; Parker and Bertsch, 1992).

2 A7 E Al 7t $e S48 A 9ete] ZAadaete] whsg
A 7122 ¥ ferron ¥AWE Fatd SHPPE 2 AR Ferrond Al 7+
WalEe Fadtge (3.1) ExwA AN 7FERaE 2 ferron WA vH$-3l4

=7F SA dASA Hw (32) EWAd AIIDS ferron®} DA A
T AAEER W gate] P o2yl FFEIE AAEA Hv (33) HHE T
o Al 7HrFEefE S ferron¥ wHEalA] g AR S 7122 st AN 7t
T BAE A A EFEAE Revld AN 4R ws £dsA ¢Eo)
of Al s]Aete] A8 th Ferron 24 %o 93 o A
B 3 mg/llas ADE Zolate]l Wele FxolA H3S HAsgt. E44F0
AbE R AR Az th gy 29 Ferron £3A1%F [(ferron = 2.85 x10™ mol +
1-10, o-phenanthroline = 252 %10 mol)/L] 500 mLE& ZAM}EH(43 mol/L) 200
mLe} @Ak =2 elviAleF [((NH0H - HCI 100g + %9 2F 40 mL)/L] 200 mL7} &
el Alofel sbetel ILE wEAY. AEE ferron? FEE 1.45%10° mol/Lolm
ajere AxF 5 -7 A Tt HA4se AL o WA eke] REIL 20~

30 & A5 AME Jbestth Az ferrong o] &% AN ZhEeFe] FES A3

,\
%)
=
197}
o
o
)
=
ol
o
i
N

it

ddEAE v 2ok ARE Fidshy] de waAaek 10 mLE &4 5 (=)o H
7hekar A el Algg drietel EEol Foh lom A AS ALEshe} 370 nmel A

spectrophotometer& Ah&sto] FFe s AR Y. FUAFvgHe =AHgx ICPS
AP, RaewAd ADZES S48 Azbo] 3028 A od A4 (L4

WE Ewevl &8 dSste] Fadsiion 2ubeAS Al-ferron 23138 A4
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o] &5 o] FFE WV} = AR A
oluf Alz} ferron Ale]e]

it

.

Al = Al + A% (I-e'Y

A7IAM, Al © w4 Al
Al’y 0 0 Aol S Ao &A= Al, (polymer
Al @t ARl ferronT HHE-E Al
kA F9 12 Bg&E A5
HES} dFolg 7HrEfE R et e wsEs
of Yetd + <l
Alar = Alg (1€ )
Alpy = Alyg (1™
o71AM, Alit ¢ AIZE toll A 9] @R AL Al B
Alo ¢+ ©2F AlY] &
Alpy = AZF toll A 9] thEat Al F=
Alpp @ B2 Al9] &
ka 0 B2 GF0lEY 12 & E A
kp @ ThEAF &F0lge] 12 vg& % A
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UV absorbance(cm™)

UV absorbance (cm'1)

1.0

0.8 4
0.6 4 ® 0.032mg/L
©  0.8mg/L
> » v 16mg/l. f—%—¥]
v  24mg/L
B 3.2mg/L

0.4

0.2

00 T T T T T
0 1 2 3 4 5

Time(min)

Fig. 4.1 Ferron reactions with each monomeric Al concentration.

1.0
0.8 A
0.6
0.4
0.2 4 ®
[ ]
0»0 T T T T T T T
0.0 0.5 1.0 1.5 2.0 25 3.0 3.5

Al concentration (ug/L)

Fig. 4.2 Correlation of absorbance and standard Al solutions.
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G=550/sece.2 X A5 BEEr zole YEtvn oy HAAAHQA FF
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o duidor A7) W EHA Hrbeh Al we A T Fusie
AR whE WhgE o RSE Holy oz AgdEt LFuF Jhgis g
1023te] wE Ao E4v7] dfFo wyr3ze] Jgo] AA HE&Fvh uely

G=150/secol| B8t G=550/secol A mutA|Zrel] wprE <ggko] et ).

__29_



0.6

0.4 +

—@-— mixing time 33sec
O mixing time 90sec

0.3 —-¥— mixing time 140sec

Absorbancw (cm™)

0.2

01 T T T T T T
0 20 40 60 80 100 120

Time (min)

Fig. 4.3 UV absorbance versus ferron reaction time under rapid mixing
conditions(G=150/sec. Coagulant dose= 0.lmM as Al, purewater)
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Fig. 4.4 UV absorbance versus ferron reaction time under rapid mixing
conditions(G=550/sec, Coagulant dose= 0.1lmM as Al, purewater)
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0.6

—®&— mixing time 33sec
O mixing time 90sec
—-w¥— mixing time 140sec

Absorbancw (cm™)

0.1 T T T T T T
0 20 40 60 80 100 120

Time (min)

Fig. 45 UV absorbance versus ferron reaction time under rapid mixing
conditions(G=150/sec, Coagulant dose= 0.1mM as Al, rawwater)
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—®— mixing time 9sec
-O mixing time 27sec
—-¥— mixing time S54sec
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T v T T
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Fig. 46 UV absorbance versus ferron reaction time under rapid mixing
conditions(G=550/sec, Coagulant dose= 0.1mM as Al, rawwater)
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Fig. 47 UV absorbance versus ferron reaction time under rapid mixing
conditions(G=550/sec, Coagulant dose= 0.15mM as Al. pure water)
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Fig. 48 UV absorbance versus ferron reaction time under rapid mixing
conditions(G=550/sec, Coagulant dose= 0.15mM as Al, rawwater)

— 34,_



A R 7]

13

A &z
¢ &

7

24
o= TR

©

L

Fi
ig. 499 Fig. 4.10

4.3 &
3 S8A =
F9l 5

A
° 4|“¥§.%F%ulb
" 7R3
-3

ny
= WP B o
o7 X E ° zo
ol <0 ol B =
o =
do — W - T
% B Lo ) M.w %r.: ‘_.‘M.,v* E A~ “ O o
o T r W _~ © = D rCOri|
& $ e N B . S
ﬂ%%f¢]%E@Lw rLrTiETy
do W ® 4 4 ooP ST 5 BOX K 5 do T
® " G do oo N 3 = =~ = A 4
M No o = oo = % D o T R R AT T
O R 1un,rzo ‘wmmﬂﬂmuo_fam
nggn+@wg¢@ﬂ 5%%%8x%%ﬂ4
_gn@z_oygw@ﬁﬁ:f % L@W@WO#JM@
M%ﬂ.l%m_ 2 i @3%7;@@?%1
— ° < SN H m N Nk B — ol T = ©
ET 0 = ‘_..__wo — \Dl | .ﬁw e ~ } ¥ _!4 = "
A 2 = 9 H e =T = B s o 3 Mo s
o o ol o % do o = 9 k3 o ~
m ~E — ! R —_— —_ = —_ B° ° = .:, ™
-~ = 2 T % B N o B S Ao
Boke w *E Lo A ! I e o X
mmlﬂ_fm@mﬂﬂofﬁ ofm‘ﬂﬂ&m@%mw
S o mﬁ T % oo o 7o EI B T % v
W W T o , L %1@@@% o
w&o% wéo,pwqgw ﬂz,ﬂu%@pﬂ@no
l%q%@ﬂan@% ) @14,@%@4
5 ..mu p— iy T l._ﬂ o#o _/nmu VAT Ea ‘./lj vl iy of [e] = ,m Mwé N %H
o TGS B o= mo Mo S T CE o= B o s °
@@”_omez 4@0§§ HoﬁﬂmEAiﬂ,@wq
- E T Mw,do_q Yo W ow %q‘w%ig
ﬂ&ur.%@m ﬂ%%g w2 M;%é%ﬂw
b o < T M O El = B 4 E = "o X S
ba my B ™ J —_— = my o ro = ,
ovur#aM@aﬂédm. xiqﬁatmmﬁfﬂw“
— <A < RO ST = o - M o "o w.ﬁ Mo = il A+ N
X = w o P P T A = - T A R Y LA
T 2 oly o w NF o w2 A N _}_
AT%O_E o o i o T X° g %Hm,l}% o T
N W % T o T = W mw oy o o T T T T e
@&%aﬂawo@%} 7 _,_Mwmﬁmowo_,
rs T N o o M- o oo — B w < o o » MVH, * Nio
%aﬂ_gﬂumﬁ@ :;Aog,mﬁomsiwgw
° =y = o} Co 5 , _
T owe oM oW 70 1@ = ° % Wrc T & B ®8 & . e T
FEow v I © D H%whikﬂ r
wlyrg.prﬂn‘?ﬂ]xrtura %wwn%ﬂ
do ¥ 5% ﬂi o =3 ks o O 35 o _ M
— = 0 l —
SRR 2 o ® T i
Y= W M ~ Y W s
e ] w
OW o.t _hz/.# mfr = z.._o ol
- 1D| o
TN

SR

= 7F

P
FUe

Aol ohye
- 35 -



g =

&+

I Adides AA deivdn 9es o

Q
e

o]

ar

WA el W Ao
5 $UT 015mMe] SUA FAFe| A

o]

[

& dHad

of th?

=
Heolm g}

<

Q
=2

"lE bRl
AR gk

2
5

b Fell Hlste o

F5)%
2 3

o}
=2

¢

A g

c}.

i+
%

o
T

o
+
o)

.AO

& A5l

X dsted Table

LS

= H

[E]

F7157 dERLdE2 9

L.
L

2 FulE 7R3

_36_

=
Lo

2 o
p—

FAZbol) m}

ol FFl

2TV E R FY Aot BHY 5
H

e

- o
—
s

uel Agd
ofu}e} 7z} 5
4.1 JER AT



0.8

0.7 4
—_ 0.6 1
E
L
o 951
(2]
| =
[1:]
£ o044
8 0.1tmM(33sec)
g S . 0.1mM(90sec)
03 ———w——  0.1mM(140sec)
— = —-  0.15mM(33sec)
~— —® —  0.15mM(90sec)
0.2 — —0O—— 0.15mM(140sec)
0.1 4 T y T " ' i
0 20 40 60 80 100 120
Time (min)

Fig. 4.9 Effect of Al concentration on the reaction with ferron during rapid
mixing period (G=150/sec, purewater).
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Fig. 4.10 Effect of Al concentration on the reaction with ferron during rapid
mixing period (G=550/sec, purewater).
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Fig. 4.11 Effect of Al concentration on the reaction with ferron during rapid
mixing period (G=150/sec, rawwater).
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Fig. 4.12 Effect of Al concentration on the reaction with ferron during rapid
mixing period (G=550/sec, rawwater).
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Table 4.1 Chemical characteristics of Al(II) hydrolysis species formed after rapid mixing

G=150sec-1 (Purewater)
Al 0.lmM(as Al Al 0.15mM(as Al)
species species
33s 90s 140s 9s 27s 4s
Ala 17.36 12.57 14.34 Ala 29.00 23.45 24.34
Alb 62.25 66.36 67.27 Alb 48.08 49.39 51.99
Alc 20.39 21.08 18.39 Alc 22.92 27.16 23.68
total 100 100 100 total 100 100 100
G=550sec-1 (Purewater)
Al 0.ImM(as Al Al 0.15mM(as Al)
species Osg 275 54s species 33s 90s 140s
Ala 14.42 21.23 11.37 Ala 25.56 24.88 23.02
Alb 63.94 60.10 68.68 Alb 53.89 54.86 55.23
Alc 21.64 18.67 19.95 Alc 20.55 20.26 21.75
total 100 100 100 total 100 100 100
G=150sec-1 (Raw water)
Al 0.lmM(as Al) Al 0.15mM(as Al)
species| ggq 9T 54s | Species| oo 90s 140s
Ala 18.33 17.76 9.92 Ala 22.01 15.08 13.90
Alb 60.92 62.03 66.97 Alb 56.40 64.64 68.01
Alc 20.75 20.22 23.11 Alc 21.58 20.28 18.09
total 100 100 100 total 100 100 100
G=550sec-1 (Raw water)
Al 0.lmM(as Al Al 0.15mM(as Al)
species| g 1T 54s | Species| o 905 140s
Ala 22.34 23.80 27.17 Ala 18.15 12.96 13.16
Alb 61.90 62.44 61.47 Alb 63.82 68.93 69.99
Alc 15.75 13.76 11.36 Alc 18.03 18.11 16.85
total 100 100 100 total 100 100 100
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Fig. 4.13 Pueudo first-order plots of monomeric Al for the mixing condition and coagulant dose.
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Fig. 414 Pueudo first-order plots of polrmeric Al for the mixing condition and coagulant dose.
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Table. 42 Rate constants and characteristics for the reaction of ferron at G=150/sec

Pure water Raw water

Ka Kb Ka Kb

0.ImM 0.15mM 0.1mM 0.15mM 0.ImM 0.15mM 0.1mM 0.15mM

GT=5,000 0.026  0.038 0.052 0.020 0.041 0.045 0.068 0.045

GT=15,000 0.025 0.047 0.045 0.014 0.039 0.031 0.066 0.036

GT=30,000 0.023 0.036 0.045 0.015 0.026 0.030 0.050 0.035

Table. 4.3 Rate constants and characteristics for the reaction of ferron at G=550/sec

Pure water Raw water

Ka Kb Ka Kb

0.lmM 0.15mM 0.ImM 0.15mM 0.1mM 0.15mM 0.1mM 0.15mM

GT=5,000 0.034 0.041 0.053 0.016 0.042 0.041 0.065 0.047

GT=15,000 0.058 0.033 0.067 0.015 0.041 0.026 0.061 0.036

GT=30,000 0.028 0.036 0.060 0.015 0.040 0.020 0.057 0.036
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Fig. 4.15 Effect of the intensity of mixing during rapid mixing on the ferron
test (pH 55, coagulant dose=0.1mM, rawwater)
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