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ABSTRACT

A wet-chemical route was utilized to obtain nanosized crystalline goethite (a-FeOOH) particle, which was known as an oxidation
catalyst in reducing carbon monoxide (CO) and dioxine during incineration. A cost-effective FeSO,-7H,0O was used as starting raw
material and a successive process of hydrolysis-oxidation was utilized as synthetic method. The effects of the initial Fe** concentration,
hydrolysis time and oxidation period on the crystalline phase and particle characteristics were systematically investigated by X-Ray
Diffraction (XRD), Scanning Electron Microscopy (SEM) and BET analyses. It was found that the spindle-shaped crystalline a-FeOOH
particle with the width of 70 nm and the length of 200 nm could be obtained successfully when the initial concentration of 1.5 M,
hydrolysis time of 4h, and oxidation period of 10 h, respectively. In addition, it was observed that the spindle-shaped a-FeOOH particle
consisted of nano-sized primary crystallites of 30~50 nm, which were de-agglomerated into individual particle and successively re-
agglomerated into spherical or irregular-shaped agglomerates beyond certain periods in the hydrolysis and oxidation process.
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Ferrous( 1) Sulfate
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l Titration NaOH/Na,CO,4
o = - -
Ag. soln
Hydrolysis
(Under N, flowing with
the rate 500 cc/min
at 50 )
Fe(OH,)S) Reaction variable
Precipitation 1. Initial ferrous surfate concentration
l =05,10,15and20M
Oxidatt 2. Hydrolysis time
xidation
{Under air flowing with =0,4,8and12h
e m: ggqcc; e 3. Oxidation period
‘ =5,10and 15h

a-FeOOH
Precipitation

- Separation by centrifugation
- Washing with distilled H,O (3 times)
- Dryingat 120 C for 10 h

o-FeOOH
Nanopowder

Fig. 1. Schematic flow diagram for the preparation of a-FeOOH
powder.
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Fig. 2. Powder X-ray diffraction patterns of the a-FeOOH as a
function of the intial Fev:z+ concentration; (a) 0.5, (b) 1.0,
(c) 1.5, and (d) 2.0 M, respectively.

347} FEFTE ouz Akg)l vheA] FeP'ollx] Fe''R o) 4t
37t B2Es 29590eS Uehdth. 99, a-FeOOH
9 (110) 3" XA ME Z7}2 2E Scherrer WA
Ag olgsle] AN FAHE FHeolE e Rk o
2 A4 Z7)E 05M £7] F=o0A 56nm, 1.0 MellA
38nm, 1.5MoA 35nm, 2.0 Mo A 67 nmZ =Tt
(Table 1).
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Table 1. Particle Characteristics of a-FeOOH Characterized by XRD, SEM, and BET

Synthetic parameters SEM XRD BET
Salﬂgle Fe?* Hyci.rqusis Oxidtation Size (nm) Crystalline Crys.tallite Surface Diameter
: conc. timie period Shape Widh Length Aspect phasel) 51ze2) arzea (nm)3)
M) ) )] ratio (nm) (m7/g)
A 0.5 4 Spherical - 130 - G+M 56 - -
B 1.0 4 Spherical 75 105 14 G+M 38 - -
C 1.5 4 5 Spindle 60 125 2.1 G 35 99 142
Spherical - 65 -
D 2.0 4 5 Irregular G 67 - -
shape } 130
E 1.5 0 5 Spindle 65 105 1.75 G+M 34 - -
F 1.5 8 z Spindle 110 260 24 G 54 - -
G 1.5 12 5 Spherical - 115 - G 35 - -
H 1.5 4 10 Spindle 70 200 2.9 G 48 130 108
I 1.5 4 15 Spherical - 85 - G 40 142 99

G : Goethite, M : Magnetite

ICalculated by the Scherrer's fotmula from the (110) dittraction peak. dyg=0.9A/B-cos® (dgy: Miller indices of crystallite,

A : Wave length of Cu ko X-ray(A), B : Line broadening (radian))

YEstimated from the specific surface area under the assumption that the particle shape are ideal sphere. D(diameter) =6/p-Sggr

(p=4.28 g/mL for a-FeOOH)

H=aleeshala]
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Fig. 3. SEM images of the a.-FeOOH as a function of the initial Fe* concentration; (a) 0.5, (b) 1.0, (¢) 1.5, and (d) 2.0 M, respectively.
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Fig. 4. Powder X-ray diffraction patterns of the o-FeOOH
depending upon the aging period during hydrolysis
process; (a) 0, (b) 4, (¢) 8, and (d) 12 h, respectively.
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Fig. 5. SEM images of the a-FeOOH depending upon the aging period during hydrolysis process; (a) 0, (b) 4, (c) 8, and (d) 12 h,

respectively.

o] A Frtz ¥ AL AH YA A7)(Table )=
34014, 54nm=z Z7] §WAE A7t wel AR YRk
A7V ARE S eI ol9k 2 A SEM
A (Fig. 5)l e B2

Fig. 5914 & 4 e ol o] 27]dle 7hial] §b
FA17ke] 7‘0121011 et B YA meFe] F ol Al
BaA HEEE, old wet Tl YAt =7)¢k AdH|
% Z7he B 4 QA JheEsl vkg Alzde] 8hel 73
% ©) m 2 ﬁéﬂ%sﬂ WEE YAt &0—;—8}711 =

733
WA A W Eoow S
2 B3Y 4 Ao o] AAE XA A
At Aol 2lskE B AT
3 Alzrel 12he] B9(d) B3
Z

Sr %Lmﬂ e 20A9 WAo) AT o2
WHEg Bl SRS BYHL UY IAAPARNE
=]

g ollA B, 7R Aol o] wiE

Az stel )

v Silicon (Internal standard)
® Magnetite
w Goethite

= (110)

M) WWUW
LMJWMLM“
LN O T

i 1 i i L i " 1

10 20 30 40 50
26
Fig. 6. Powder X-ray diffraction patterns of the o-FeOOH
depending upon the aging period during oxidation
process; (a) 5, (b) 10, and (c) 15 h, respectively.
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Fig. 7. SEM images of the a-FeOOH depending upon the aging
period during oxidation process; (a) 5, (b) 10, and (c)
15 h, respectively.
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Fig. 8. Nitrogen adsorption-desorption isotherms of the «-
FeOOH depending upon the aging period during
oxidation process; (a) 5, (b) 10, and (c) 15 h, respectively.
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