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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 Al(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 AI(III) 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(III) (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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Table 1. Chemical characteristics of Alum
Conc.(mg/L) Al, Al Al
Alum 1*10* 83% 8% 9%
Al,: monmeric Al, Al,: polymeric Al, Al.: precipitate Al
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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).
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Fig. 4. UV absorbance versus ferron reaction time under rapid mixing
conditions(Coagulant dose=0.1 mM as Al, rawwater).
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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
o185 AAE Ul IFRAE AlOH) ] S7HE gst "
o, C 1ark(1987)4 ATolME DT WAL o1de] et & 07
eI AR Fre) shpulio) Wol AR Bs] |
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Fig. 5. Effect of Al concentration on the reaction with ferron during
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 sec”" (Purewater)

G = 550 sec”! (Purewater)

Fig. 6. Effect of Al concentration on the reaction with ferron during

. 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
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Fig. 7. Pueudo first-order plots of monomeric Al and polymeric for the mixing condition and coagulant dose.

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 0.15mM 0.1 mM 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 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 0.15 mM 0.1 mM 0.15 mM 0.1 mM 0.15 mM
GTI' = 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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