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Abstract— The aerial oxidative precipitation and kinetics of oxyhydroxide formation from aqueous solution of ferrous
sulfate with KOH as a precipitant have been studied. The influence of air flow rate, reaction temperature and initial mole
ratio, R,=[Fe™],/JOH"],, on the morphology and oxidation rate of oxyhydroxide particles and kinetics of seed formation
are investigated by free pH drift and static pH experiment. The results show that the increase of air flow rate, reaction tem-
perature and initial mole ratio increases the oxidation rate through the seed formation and seed growth on the free pH drift
experiment. Needle-like o-oxyhydroxide particle of submicron size was obtained. When R, value was decreased the par-
ticle was grown to longitudinal direction. The activation energy of seed formation is 11.71 KJ/mol and rate equation of
seed formation can be written as follows:

M = 4 0.56 -qn 11.71
i =1.69 x 10 [FOZ] [OH ] exp RT

Key words: Oxyhydroxide, a-Ferric Oxyhydroxide, Kinetics of Oxyhydroxide, Iron Oxide, Goethite

1. M =

a-oxyhydroxide£] §HA1[5-8] A oljA] AA =}

247] 7184 A % k8 Soll ARg3h= AF3FA[1-3}2 Table 19
Ao} Zho], 1 shsby 24} Y AA QA T2l we} YA 9 2
H EAe] 7= B3], gus) A a2 Qlsle] YR E )
o, AR = gle AT A7) 7124 2409 AL Y glekaal
2] " g Ao] Zdige) ule} o-oxyhydroxide(o-FeOOH)E 918 & 3}
2FAL] vFe,0:0 tgt F840] A=) 3 Qi)

¥Fe,0:%] 79 & 2}7) 712 UEE ¢3}e] n)ag o)ste] 7o
T A =7 RE[ AN w33 A3 A mokg
82 3} olF Al By Y =7)E yFe,0; YA 87 He

360

o] oxydydroxideE 343 A1 2= ferrous salts®] 41513
Aol A3 qlAbe] Jepshy 54 2 gk 24 2
$-]3}c} 3L Matijevic[9]%} Schewertmann, Comell[10}2] &30l 4] oF
22 glen, AtstA el YeiME pH, &= 2 ¢gE]e] A
A9 2 A8t 22[11-13]0] w}2} Table 20149} o] o-FeOOH, B-
FeOOH, +-FeOOH[14, 15], 8-FeOOH[16], Fe,0,{17-19], o-Fe,0; [20-
24] ¥ y-Fe, 0,25} A Hct.

dubd ez, 37] 2 Sze] A EAse) FAA YA A3}
}4, &, oxyhydroxide®] A4 % 2= Domingo[26)} Rodriguez[27]
Sl S3iA AAF K] Fe(OH),9) A4 9 L3, Fe™o) AbBHAH



o-FeOOH 417k AbshRdukg 361

Table 1. Chemical formula and structure of iron oxides

Iron oxides Formula Structure Color

Wiistite FeO .

Goethite o-FeOOH Orthorhombic Yellow brown
Akaganeite B-FeOOH Tetragonal Yellow brown
Lepidocrocite ¥FeOOH Orthorthombic Orange
Feroxyhyte 8-FeOOH Hexagonal Red brown
Ferrihydrite Fe;HO;- 4H,0 Trigonal Red brown
Magnetite Fe,0, Cubic Black
Hematite 0-Fe,0, Trigonal Bright red
Maghemite ¥-Fe,0, Tetragonal Red brown

Table 2. The principal methods of preparation of iron oxides

Reaction conditions Iron oxides

air
NH,OH, 40°C, pH<5, pH>12
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Fig. 1. Schematic diagram of experiment apparatus for oxidative
precipitation.
A. 5-Necked round flask
B. Titroprocessor

PN i U

G. Thermometer

H. Air bubble tube

C. Air generator L. Injection tube for alkaline
D. Nitrogen cylinder J. Thermostated water bath
E. Air flow rate control unit K. Dosimet

F. Electrode for titroprocessor L. Condenser
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Fig. 2. The pH drift vs. time for six different R, at air flow rate=3 L/
min, T=40 °C.
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Fig. 3. SEM of the oxyhydroxide(a-FeOOH) particles in the conditions.

(a) R,=1, T=40 °C, air flow rate=3 L/min. (b) R,=1.5, T=40 °C, air flow rate=3 L/min. (c) R,=2, T=40 °C, air flow rate=3 L/min. (d) R,=3.0, T=40
°C, air flow rate=3 L/min. (¢) R,=5, T=40 °C, air flow rate=3 L/min. (f) R,=12, T=40 °C, air flow rate=3 L/min.
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Fig. 4. Relationship between oxyhydroxide aspect ratio(D/L) and R,
value at air flow rate=3 L/min and T=40 °C.
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Fig. 5. Representative XRD pattern for the o-oxyhydroxide particles
precipitated(R,=2, Air flow rate=3 L/min, T=40 °C).
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Fig. 6. The pH drift vs. time for three different air flow rate(2, 3
and 4 L/min) at the R,=[Fe™),/[OH ],=2 and T=40 °C.

2 i e A
50 100 150 200
t [min]

Fig. 7. The pH drift vs. time for three different reaction temp.(30, 40
and 50 °C) at the R,=[Fe*"]/[OH ],=2 and 2L/min air flow

rate.
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Fig. 8. 1st order kinetics plot for various air flow rate at 40 °C, pH=
6.5 and R=12.
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Fig. 9. Reaction rates vs. air flow rate at R,=12, T=40 °C and pH=6.5.
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Fig. 10. 1st order kinetics plot for various initial mole ratio at 40 C,
pH=6.5 and 4 L/min air flow rate.
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Fig. 11. Reaction rates vs. R,=12 at air flow rate 4 L/min, T=40 °C
and pH=6.5.
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Fig. 12. 1st order kinetics plot for various temp. at pH=6.5, R,=12
and 4 L/min air flow rate.
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Fig. 13. Arrhenius plots at pH=6.5, R,=12 and 4 L/min air flow rate.
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