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Preparation of Needle-like @-Iron Oxide Using a Crystal Growth Controller.
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Iron oxide(hematite, @-Fe,0,) particles were prepared directly from aqueous solution using a

crystal growth controller. Particles properties and reaction mechanism of products as a function of basic-

ity, formation process and mechanism of needle-like hematite were investigated. Hexagonal hematite

particles were formed in the range below pH 9.0, ellipsoidal or rectangular hematite particles in the

range of pH 10.75-11.75 respectively. In the range above pH 12.50, acicular ¢-FeOOH was formed. Ba-

sicity of product solution produced in the range of pH 10.75-11.75 was increased slightly as compared

with basicity of reactants due to hydroxly ion(OH™) formed by dissociation of crystal growth controller.

Citric acid which is acted as a crystal growth controller was adsorbed in the form of citrate anion(R-

COQO7) on the ferric hydroxide and exerted important role on the formation to the needle-like @-Fe,0,

particles in this reaction system.
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Fig. 2. TEM photographs of samples formed with pH of reactants. (a) pH 4.90 (b) pH 9.0 (c) pH 10.75 (d) pH 11.0
(e) pH 11.25 (f) pH 11.50 (g) pH 12.0 (h) pH 12.25 (1) pH 12.50
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Table 1. Properues of products formed with pH of reactants.

Redctdnt Products
pH | pH *  Color Particle shape(TEM) Crystal structure(XRD)| Particle size(TEM)
3.0 ‘ 2.02 ' dull red hexagonal ’ a-Fe.0, -0.06m
4.90 . 2.34 ” " 3 " -0.06/m
60 243 | " y : p ,
70 | 263 i’ ’ ‘ . ‘ »
80 | 535 ) , : ) ‘ 0.04/m
9.0 | 6.96 o reddish brown shape lessness amorph. ke @-Fe,0; : -
10.50 ! 9.70 . ” sphere " 0.02-0.05,m
1075 1112 | dull red ellipsoidal @-Fe0, L:0.2im, L/W=28:1
11.0 ‘ 11.51 n ” " L:0.3m, L/ W=4.7:1
11.25 } 11.88 " : rectangular " L:0.5/m, L/ W=34:1
1150 | 12.10 red . , L:0.45m, L/W=25:1
11.75 | 1205 , ' . ’ L:0dsm, L/W=25:1
12.0 12.09 " . sphere +rectan.+aci. | @-Fe,0;+ a~F;eOOH ’
12.25 12.31 | reddish yellow ‘ acl.+rectan.-+shphere | @-FeOOH + @-Fe, O,
12.50 12.42 yellow ' aclcular a-~FeOOH L:0.66/m, I.L/ W=19:1
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Fig. 3. Potential-pH equilibrium diagram for the sys-
tem of iron-water at 25°C( considering as solid sub-
stances only Fe, Fe(OH).,, Fe(OH), and Fe,0; ).
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Fig. 4. Infrared absorption spectrum of ferric hydroxide
adsorbed with citric acid.
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Fig. 5. TEM photographs of intermediate samples in the formation process of needle-like a-Fe,0; particles. (a) 80°C
(b) 120°C (¢) 130°C (d) 140°C (e) 140°C (5min.) (f) 140C (10min.) (g) 140°C(30min.) (h) 140°C (60min.)
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Fig. 6. Schematic representation of needle-like a-Fe.O. particles formation in this reaction system. (a) colloid of fer-
ric hydroxide. (b) aggregation of ferric hydroxide. (c) nucleation of @-Fe,0;(internal dehydration and rearrange-
ment) and citrate anion adsorption on the particular crystal face of a-Fe:0, seed. (d) crystal growth of a-Fe;O; seed

and formation of needle-like a-Fe,O; particles.
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