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Abstract — The overall objective of this research was to find out the role of rapid mixing conditions in the species of
hydrolyzed Al(III) formed by AI(III) coagulants and to evaluate the distribution of hydrolyzed Al(III) species by coagu-
lant dose and coagulation pH. When an AI(III) salt was added to water, monomeric AI(III), polymeric AI(III), precipitate
AI(IIT) was formed by AI(III) hydrolysis. The method of hydrolyzed Al(III) species characterization analysis was based on
timed spectrophotometer with ferron as a color developing reagent. The hydrolytic species were divided into monomer,
polymer, precipitate from the reaction kinetics. And then, the color intensity for monomeric Al(IlI) was read 3 min after
mixing. With standard Al solution containing monomeric Al(III) only, the Al-ferron color intensity slightly increased with
until about 3 min. During the rapid mixing period, for purewater, formation of dissolved Al(IIT) (monomer and polymer)
was similar to rapid mixing condition, but for raw water, the species of Al(III) hydrolysis showed different result. 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 condi-
tion. 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 values.
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Fig. 1. Ferron reactions with each monomeric Al concentration.
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Fig. 2. Correlation of absorbance and standard Al solutions.
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Fig. 3. UV absorbance versus ferron reaction time under rapid mixing
conditions(Coagulant dose=0.1 mM as Al, purewater).

W= Slofuhzd) ol Feluly Qnlig A7k Ae Eelv)
4 il Siglel wige) 28] Slofnl wAle] A%
5% FHEE mel Zhe e SRl AeraEe)
HESo] 1AIZF o4 A4 E4S whgo] TS A clofhy
ol 277} 2 Eejuly sulrle] whgel % zlolck,
Alztel e Qake Amn TRlelA Uk vk} o] 4ol

2

oo

&

(

I W Qe A9 vk @ glor) A9 A3
RS ol Sl o 5 Itk Sl e 0. mM S
H7P FEoN Y B0 TR mle] 9%
& A9 WA = Aow

dE), Fig, 3(b)f‘ G = 550/secollA]

¢

tol

etsst Mla4d H|5= 20064 108

0.6
=
L
=
ps —&— mixing time 33sec
s -0+ mixing time 90sec
s —¥— mixing time 140sec
o
<=2
<
01 H T T T T T
0 20 40 60 80 100 120
Time (min)
(a) G=150/sec
0.6
BERERERE:
£
L
=
pus —&8— mixing time 9sec
s O mixing time 27sec
= —¥— mixing time 54sec
w
£
<

T T T T

60 80 100 120

Time (min)
(b) G=550/sec
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Table 2. Chemical characteristics of Al(11I) hydrolysis species formed after rapid mixing (Coagulant Dose: 0.1 mM as Al)

G = 150 sec! (Purewater) G = 550 sec”! (Purewater)
. 0.1 mM(as Al) . 0.1 mM(as Al)
Al species Al species
33s 90s 140s 9s 27s 54s
Ala(%) 17.36 12.57 14.34 Ala(%) 14.42 21.23 11.37
Alb(%) 62.25 66.36 67.27 Alb(%) 63.94 60.10 68.68
Ale(%) 20.39 21.08 18.39 Ale(%) 21.64 18.67 19.95
total(%) 100 100 100 total(%) 100 100 100
G = 150 sec”! (Raw water) G = 550 sec”! (Raw water)
. 0.1 mM(as Al) . 0.1 mM(as Al)
Al species Al species
33s 90s 140s 9s 27s 54s
Ala(%) 18.33 17.76 9.92 Ala(%) 22.34 23.80 27.17
Alb(%) 60.92 62.03 66.97 Alb(%) 61.90 62.44 61.47
Ale(%) 20.75 20.22 23.11 Ale(%) 15.75 13.76 11.36
total(%) 100 100 100 total(%) 100 100 100
oJASE AT Fulo) AT AOH) S 27 As °
%07, Clark(1987)¢) ATIAE QFF FNAE olgo] Zet & .
A D0 Fele) nlo] wo) BT W)
t}. Fig. 4= Fig. 39 543 Az 48 47 7184 06 -
o] EASR: AFASE olgale] AFHE ArRAE AW T
= ARt AP =43t f7]e0] EAEhs o'l‘%‘}l:—e‘ o] < 051
alo] el Zltal £ Walol e AR AR s2ee} i o 2
& AES 1ol Utk el G=150 /secS] 7 _7‘1]"\]@01] £ 044 -
TR WESEO) Aol UEREA] 9 9lovt 940 A9 wukAl 2 o otmeey
90 G 520 oI} BARE 2 4 ek, ol A qe < 0 ~=v== 0 im(10se0)
A5 ol B QLA f71%0) gl wek §14 7 T2 Ol
QIA] FFolA] FAEE ok sReRaEo] 1 AR ZAE) 02 ——0-— 0.15mM(140sec)
i 2ol Sffek QA 4 9 #7183t S0 W] o
foll e Gl AKRalEe] et whgEol T et Y h e @ % m mw
= 7107 FgEn) B3k G =550 /sec?] A-F ool HESE Time (min)
o) Ajo] % 221 A, §50) WFe) Aol LghiA g 9} (@) G=150/se0
o} o= 0] 3% S Wlel weh AREE el Al .
Palgo] he 43} WA eron, 1 AR A ReEo
ZAa7) ol Wk Talzwol olgh mbAIke] QJao] ek -
Ak YA 71%20] EAlkE 4050 B9 S 7
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Hog MHal] mjFo] mykAIZIe] m NkS-Eo] Aol E Boli= e - ¢ ¢ 8 8
Row wAEn mep] WIS §712 W QRS £ S 05 ¢y
el wet ZlallEe] Wt vhEA vehube 2783 wRkAl <
7ro] AelElojof 3 Aolt), o)k =579} A4 egrellA o] mukx £ — & 0.1mM(9sec)
Ao W LR JEAE B 54E Table 297 A3 o 2 e )
ERJISACE ——g— - 0.15mM(9sec)
— - —  0.15mM(27sec)
——O——  0.15mM(54sec)
SN FUSO| ME LR0|E 7-2ElE 2=
Fig. 5t 414 F1300 W FSmiabFol wshs <5 w0
SR 7EEE EESdS geteb] flsko] HlEd dFvlE 0 2 40 60 80 100 120
7FealiE o] Wk eEhigich AR ~%Hb Ankz o o Time (min)
O] AREE= alume ARSI M S A] T 0.1 mM (as Al) (b) G=550/sec
7} 0.15 mM(as ADE Tl wjastglon, SHA FUF Fig. 5. Effect of Al concentration on the reaction with ferron during
0.15 mM(as AllAe] wRzA e SdFulE 7-EsllE w3 rapid mixing period(purewater).
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Table 3. Chemical characteristics of AI(III) hydrolysis species formed after rapid mixing (Coagulant Dose: 0.15 mM as Al)

G = 150 secT (Purewater)

G = 550 sec”! (Purewater)

. 0.15 mM(as Al) . 0.15 mM(as Al)
Al species Al species
33s 90s 140s 9s 27s 54s
Ala(%) 29.00 23.45 24.34 Ala(%) 25.56 24.88 23.02
Alb(%) 48.08 49.39 51.99 Alb(%) 53.89 54.86 55.23
Ale(%) 22.92 27.16 23.68 Ale(%) 20.55 20.26 21.75
total(%) 100 100 100 total(%) 100 100 100
G = 150 sec”! (Raw water) G =550 sec”! (Raw water)
. 0.15 mM(as Al) . 0.15 mM(as Al)
Al species Al species
33s 90s 140s 9s 27s 54s
Ala(%) 22.01 15.08 13.90 Ala(%) 18.15 12.96 13.16
Alb(%) 56.40 64.64 68.01 Alb(%) 63.82 68.93 69.99
Ale(%) 21.58 20.28 18.09 Ale(%) 18.03 18.11 16.85
total(%) 100 100 100 total(%) 100 100 100
0 ol thslo] Table 30 AHAI8] Uehilth. Fig. 5ol viehd npe} 2t
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——%——D.1m
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Time (min) 2 709 35 34 pH B FolE FAe14 o 5= 9ol &
(a) G=150/sec &3 g Eg FAEFE S dFE EalEe] o g@ol
08 AAE7) BEolT. Fig. 68 Fig 59 EUe ARLAGIN QA
B 712 FS Al Slete] 45A5E AT U
07 Asolek. IRoll ek vl dol A o] Tk
ey QRulEE AATHEY] SRS 1theti E
= % WA RulEE] S7ME & S 9on] mukAIzke] Rk e
g LA QAL Qlek ok EpellM o] Sl e Aol 0.15 mM
P i B4 Piolis kel e dasiglon Uy
s A} f71E0] EAsk: 7 = g 7Rl 2
— 04 7 ST - = L
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Fig. 6. Effect of Al concentration on the reaction with ferron during
rapid mixing period(raw water).
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Table 4. Rate constants and characteristics for the reaction of ferron at G = 150/sec

Sample Pure water Raw water
Constant Ka(/min) Kb(/min) Ka(/min) Kb(/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 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 5. Rate constants and characteristics for the reaction of ferron at G = 550/sec
sample Pure water Raw water
Constant Ka(/min) Kb(/min) Ka(/min) Kb(/min)
Dose(mM as Al) 0.1 mM 0.15 mM 0.1 mM 0.15mM 0.1 mM 0.15 mM 0.1 mM 0.15 mM
GI' = 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

Dnl AR AT g

@ 5 ik,

o)

U}

Al,, = Al (1-e7)
Aly, = Al (1-6*)

o714, Al,, = AIZE A 9] B dse)y Ew
Al = 2 dFuEe] s
Aly, = A2} M o] Zejuy 2oy B
Al,, = Z2v)4 &Fu)E] v5
ka = E’j'}‘ﬂ/‘é (Q—_E[_U]JQ—Q] ];-(]_ MRS 21 A2e
kb = —-fé-—a]u{/\é OE]'EU]»E‘—E] li}_ }{_%41\“4‘ }g__},:

A (el olste] thea

@
(©)

2o g HhSSE kS Fig 70 UERAgItE 19l
A Lehd vkel o] mmA obpnlEat Eejvd dRlE v
walEe] WS 12 whgAlel ofate] veRtar glom gAIA) 5
N} wHkAR ] met WSS Adgte] EA e
=2 th ol wakzdh SR W dFulE 71
ElE B/el tish WshE AlF-Ao® Au Ry 91510] Table 45} 5
off Z} &xz7el tieh kg5 gks AMAIEHAl YERASITE. Table 4
<}

ak

A

o
o2

u
4
2 30,

of Lhebdk vhe} o] <pe] B9 mibKle] 74855 Ka
° athe o % Qlow, S FRe) dge 2 et
o431 ek, T2t Kbe) A9 34 FUF] 185 g
5 ggie] SobAt AFE wolx Qlov, shZbz WA
0] Z7HE5S Kbghe: BATS & 5 Utk ol 550 3
SHAVE 90 A 5 QAR B f71E0) TS ¢

ong FRA 7l mhE o Thaal Fke] B3 E oI uh

Korean Chem. Eng. Res., Vol. 44, No. 5, October, 2006

l

(o3



554 R

B A SRAL AR A 2 A Belehy 2ol
FNsalEe] do] BT uhl ko) SRS WK A9 2
PPk 2 Eelepd el ZleReE 9 A9E Fei) el
7R Eo] AtA o g o] 3AE Y] ot} ASUSE AL
£ A9 ok vRIZIA R kAR mhE Ka, Kbgh iHkA|
o] S7FeE Aastal Qlvk. 1euh SAAl U] Sk
= Kb%k—‘i 71288 Hola1 Qirk, wak, 4x5o]| )3k At)F o s
< Ka®l Kb#he YeER I 958 OE]_' T At} 53] Fdst
0.15 mMe] SHA FUZ] B¢ el g rellAe] &
T g 7Rl vt o 2 WS Adeake 7
L Qltt ol el TSk f71E Eis %‘é‘%ﬂﬂ A
o i} A EE e TeaE 1}017 =
Zg & 7 qUrk o= A A7t glato] A &
o] ol TAlshz 43 A o® H&%—é}ﬂ o Zeof wRkAIZE
o et FE= TalEe] Afolell Slsto] ol BA
PRl WESE) Aol et glow, 4eise) A9
PP B4 9 7= EAe) et FAu= TS ik
o & A3RkEe] FAuY] whizel o] Aol nlste] A3
Aoy 777} & EvA dFu)E 7R 2 84 0}7] o] g
7] wirol et AT, BESh o ARl EelE ] S
oA 0.1 mMe] FFulE FYZNA E2wA dFrlEe HF’“
5= P wel Ht 0.047 /min, 0.060 /min® % YERITE
o B2 A=Y Al EE WA 7St Ferron
Alofke] HESE= S 0.0588 /min 2 LER} ofe] ¢l Al
ofal] E WS} fAkSHAl VRERATH, 11-13].

>,—|—‘

e
r°==m

ok

¥

30

rl

¢

.4 E
ST A kAT SGA skl e GFeE U
el mE] the A AT vt e RS 22 57 g

() 7] 75 AN T G AL ek S 3l
o 7o) YT WML ES WOlT YT AU A% A

FEA 7= EAT et SR FUA FEelr G
= GFE ke Fol A B 9 e pAls o R
HESSE7] witell BAEE ARl el Foll thk wke-go]

ARl wet v e,
() S 557} SRS AE ) wg-o] weA Aofiht

Qe A7ho0] ek Foll Mg EL Avum 44| F7Heol 3
7}e5% ukg-go] 2l ek,

@) w52 7 WNkARe]| mhE Kaghe: wNHAIRo] S7Hr5
Kathd 7aghs & 4 o S3A Fd%e] 93 IA et
LA o¥ar ok, 1euh Kbe] 3¢ 8314l o] SRS W
SEL Argho] wolE AEke Hol1 glow niRTHA R W
ARro] S7FeE 5 Kbk A & < Stk

3l5kast 443 HI5S 20065 108

() AR AFE AT AS 50k PRI AR e
= 7
()

a9t Te SR F

1. Akitt, J. W., Greenwood, N. N., Khandelwal, B. L. and Lester,
G. D., “*’ Al Nuclear Magnetic Resonance Studies of the Hydrol-
ysis and Polymerisation of the Hexa-aquo Aluminum(IIT) Cat-
ion)’ J. Chem. Soc. Dalton Trans., 604-610(1972).

2. Amirtharajah, A. and Mills, K. M., “Rapid-Mix Design for Mecha-
nisms of Alum Coagulation]” J. AWWA, T4(4), 210-221(1982).

3. Amirtharajah, A. and O’Melia, C. R., Coagulation process:
destabilization, mixing, and flocculation, In Water Quality and
Treatment, 4th Ed., McGraw-Hill, New York(1990).

4. Batchelor, B., Mcewen, J. B. and Perry, R., “Kinetics of Alumi-
num Hydrolysis: Measurement and Characterization of Reaction
Products]’ Environ. Sci. Technol., 20(9), 891-894(1986).

5. Clark, M. M., David, R. and Wiesner, M. R., “Effect of Micromixing
on Product Selectivity in Rapid Mix}’ Proc. AWWA Annual Conf.,
Kanasas(1987).

6. David, R. and Parker., “Identification and Quantification of the
Al,5 Tridecameric Polymeric Polycation Using Ferron,” Environ.
Sci. Tech., 26(5), 908-914(1992).

7. Dempsey, B. A., Ganho, R. M. and O’Melia, C. R., “The Coag-
ulation of Humic Substances by Means of Aluminum Salts]” J.
AWWA, 76(4), 141-150(1984).

8. Ishikawa, T., Kondo, Y., Yasukawa, A. and Kandori, K., “Forma-
tion of Magnetite in the Presence of Ferric Oxyhydroxides;” Cor-
rosion science, 40(7), 1239-1251(1999).

9. Jardine, P. M. and Zelazny, L. W., “Mononuclear and Polynu-
clear Aluminum Speciation Through Differential Reactions with
Ferron’ J. Soil Sci. Am, 50, 895-900(1986).

10. Parker, D. R. and Bertsch, P. M., “Formation of the Al Tridecameric
Polycation Under Diverse Synthesis Condition]’ Environ. Sci. &
Tech., 26(5), 914-921(1992).

11. Parthasarathy, N. and Buffle, J., “Study of Polymeric Alumi-
num(IIT) Hydroxide Solutions for Application in Wastewater
Treatment. Properties of the Polymer and Optimal Conditions of
Preparation]’ Water Res., 19, 25-36(1985).

12. Smith, R. M. and Robert, F. Gould (Ed.), Relation among equi-
librium and nonequilibrium aqueous species of aluminum hydroxy
complexes in Nonequilibrium systems, In Natural Water Chem-
istry, ACS Advances in Chemistry Series No. 106, American
Chemical Society, Washington, DC 250-279(1971).

13. Van Benschoten, J. E. and Edzward, J. K., “Chemical Aspects of
Coagulation Using Aluminum Salts-I. Hydrolytic Reactions of
Alum and Polyaluminum Chloride]’ Wat. Res., 24(12), 1519-1526
(1990).

14. Wang, S. L., Wang, M. K. and Tzou, Y. M., “Effect of Temper-
ature on Formation and Transformation of Hydrolytic Alumi-
num in Aqueous Solution]’ Colloids and Surfaces, A. 231, 143-
157(2003).



