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   A strongly alkaline, aqueous solution of NaOH in which an iron powder was well dispersed by 
mechanical stirring was oxidized at temperatures between 60 and 100°C by passing air into. The oxida-
tion products were subjected to examinations by X-ray diffraction, scanning electron microscopic 
observation, and magnetic measurement at room temperature. Octahedral or hexahedral Fe304 particles 
with 1-5 /2 m in diameter were formed with or without concurrent formation of disclike a -Fe203 ones 
with 10-40 p m in diameter by oxidation and the formation rate of iron oxides increased remarkably with 
increases in the temperature from 80t and in the NaOH concentration to 10M (M=mo1/dm3) . The pre-
sence of a slight amount of fine particles of a -Fe203 as a seed in the starting suspension accelerated the 
formation of a -Fe203 by oxidation at 10M NaOH and at 100°C . 

KEY WORDS: Iron powder / Disclike a -Fe203 particle / Octahedral Fe304 particle / 
            Air oxidation / Alkaline suspension 

                                      Introduction 

   When an iron powder dispersed in an acidic solution is oxidized at 80°C or below by 

blowing air into the suspension, a precipitate of a - or y -Fe0 (OH) with or without iron 
oxides is formed.1 The precipitate formation by air oxidation proceeds at pH=-4 while the iron 

powder remains in the suspension. It has been known that an iron (II) anion, (HFe02) 
where H2O ligands are omitted, is formed in a strongly alkaline solution by dissolution of 

iron. The dissolution rate of iron in an aqueous NaOH solution was reported to become 

greater with increases both in the NaOH concentration and the temperature.2) The air oxida-
tion at temperatures between 60 and 100°C of an iron powder in aqueous NaOH solutions was 

carried out by varying the concentration of NaOH from 3 to 18M. This paper describes the 
conditions favorable for the formation of iron oxides by air oxidation. 

                                     Experimental 

   A cylindrical vessel with 18 cm in internal diameter and 50 cm in height made of stain-
less steel was used for the air oxidation experiments. It had in a central portion of the bot-
tom an inlet neck with 2 cm in internal diameter closed with rubber stopper into which a 
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glass tube with 0.15 cm in internal diameter had been inserted. 
   The air from which carbon dioxide had been removed by washing with a KOH solution 

was bubbled into the vessel from the glass tube at a rate not smaller than of 2 dm3/min. Each 
NaOH solution (4 dm3) of 3, 6, 10 or 18M was poured into the vessel and quickly heated to a 
desired temperature with an electric heater. After it had been reached, a crushed electrolytic 

iron powder (44.7g) with 74-140 u m in particle size, which had been prepared by use of 
100 and 200 mesh sieves, was poured, and dispersed with mechanical stirring at 330 rpm, 
and the flow rate of air was increased to 10 dm3/min. The oxidation at 60, 80 or 100°C was 
carried out for a fixed time of 5h. During the oxidation, conductivity water was supplied at 
frequent intervals into the suspension to keep 4 dm3 in the total volume. After the oxidation 

the suspension was cooled to room temperature. 
   The resulting products were separated by filtration, washed with water, and then dried 

at 60°C in air. The products were subjected to examinations by X-ray diffraction using 
FeK a radiation (XRD) , scanning electron microscopic observation (SEM) and magnetization 

(M) at 10 kOe (1 kOe = 106/4 ar Am') in a magnetic field using a vibrating-sample mag-
netometer. The Fe304 or a -Fe203 content was determined by comparing the relative intensi-

ties of XRD peaks of Fe304 d (311) 1.53, a -Fe203 d (104) 2.69 and Fe d (110) 1.O1A. 

                                Results and Discussion 

   The contents of Fe304 and a -Fe203 in some typical samples obtained by the oxidation of 

the iron powder with 210 emu g' in M (1 emu/g = 4 a p 10-" T, where P is specific gravity) 

are shown in Table 1, together with their M values. Fe304 particles are formed with or with- 

       Table 1. Products obtained by oxidation of alkaline suspensions containing the iron 
           powder (11. 2g/dm3) 

     Sample NaOH/M T/CContentsM 

                                   a -Fe203 Fe304 /emu g' 

    A18 1000 0.50 149 

B10 100 0.47 0.48 59 

C6 100 0.23 0.49 112 

D3 100 0 0.16 193 

E10 80 0.04 0.63 126 

F10 600 0.05 202 

out concurrent formation of a -Fe203 ones in the suspensinon by the air oxidation. The con-

tent of the total iron oxides in the oxidation products increases with increases both in the ox-

idation temperature from 80°C and in the NaOH concentration to 10M. A further increase in 

the NaOH concentration from 10M retards the formation of iron oxides, probably because of 

decreasing uniformity in the dispersion of iron particles with an increase in the viscosity of 

the suspension. The sample B consists of octahedral Fe304 particles and disclike a -Fe203 

ones with 1-5 u m and 10-30 u m, respectively, in diameter (Fig. 1) . 
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       (a)  30  i  mTb3gm 

         Fig. 1. SEM photographs of the sample B (a) , enlargement of (a) showing 
              detail of Fe304 particles (b) . 

   Similar experiments were carried out by decreasing the air flow rate from 10 dm3/min to 

5 and 2 dm3/min, the other conditions being the same with those where the sample B had 

been obtained. The content of the total iron oxides in the oxidation products did not depend 

on the decrease of flow rate down to 2 dm3/min. 

   In order to investigate the effects of the amount of iron powder added and of the stirring 

rate (SR) on the formation of iron oxides, experiments were carried out under the same con-

ditions with those giving the sample B. As the amount of iron powder is increased, the 

formation rate of total iron oxides at 330 rpm becomes greater, the a -Fe203 content depend-

ing on the amount of iron powder (Table 2) . When the SR was decreased from 200 rpm, the 

content of the total iron oxides in the products decreased. 

    Table 2. Products obtained under the same conditions with those giving the sample B 
          by varying the amount of the iron powder present in 10M NaOH 

    Sample Fe powder ContentsM 

               /g dm' a -Fe203 Fe304 /emu g-1 

G 2.8 0 0.05190 

H 5.6 0.07 0.74164 

I 22.4 0.17 0.8077 

J 44.8 0.08 0.83106  

   Under the same oxidation conditions with those giving in sample B, several samples 

were prepared. The a -Fe203 content in the products was sometimes found to decrease prob-

ably because of slight differences in the conditions, but without remarkable change in the 

content (90-95 wt%) of the total iron oxides. In the course of each oxidation, several portions 

of 100 cm'' suspension were taken. The content of the total iron oxides in the products in-

creased during the initial period of 3h and then became constant. 

   The fine iron powder (48 or 96g) with particle size below 46 /I m, which had been pre-

pared by use of 325 mesh sieve, was oxidized under the same conditions with those giving 
the sample B by varying the SR. In these experiments, the Fe304 particles were found to be 
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formed without the formation of a -Fe203 ones. With the increase in the amount of the fine 
iron powder added, the formation of Fe304 particles is accelerated at 330 rpm. In the pre-
sence of constant amount of the fine iron powder (11.2g/dm') , the formation rate of Fe304 

'i
rregurarly depends on the SR (Table 3) . With the present reaction vessel the SR favorable 

for the formation of iron oxides depends on the amount and size of iron particles added. 

     Table 3. Products consisting of Fe304 and Fe obtained in the presence of the fine 
          iron powder (below 45 um) under the same conditions with the sample B by 
          varying the stirring rate (SR) 

   Sample Fe powder SRFe304M 

           /g dm-3 /rpmContent/emu g 1  
K11.2 3300.31147 
L22.4 3300.70101 

M11.2 1100.76103 
N11.2 600.52123  

    As described above, the Fe304 particles are formed with or without concurrent forma-

tion of a -Fe203 ones depending on the oxidation conditions. It seemed that it would be 

possible to obtain the product consisting only of Fe304 or a -Fe203 particles under the condi-
tions for the formation of a mixture of Fe304 and a -Fe203, provided that fine particles of 

Fe304 or a -Fe203 exsist as seeds at the initial stage of oxidation. In order to examine this 
assumption, the Fe304 and a -Fe203 powders consisting of spherical particles with 0.18 ,u m 
in diameter , which was estimated from the BET surface area (S = 6.3m2/g) , were selected as 

seeds from the samples which had been prepared from Fe (OH) 2 suspensions by air oxidation 
at 70°C" and transformed from Fe304 into a -Fe203 by heat treatment in air. Experiments 
were carried out by using the NaOH solutions containing slight amounts of Fe304 or a -Fe203 

particles under the conditions giving the sample B. The results indicated that the presence of 
Fe304 seed (1.1g/dm3) did not promote the formation of Fe304 by oxidation, whereas the pre-
sence of slight amounts (0.4-1.6 g/dm3) of a -Fe203 seed remarkably accelerated the forma-
tion of a -Fe2O3, the mean diameter of the resulting a -Fe203 particles decreasing with in-
creasing in the amount of the seed (Fig. 2) . 

    Similar experiments were carried out with fine needlelike a -Fe203 particles with 0.5 pm 
in length and fine hexagonal platelike with 1 u m in diameter in place of the spherical ones. 
The needlelike paricles were prepared by thermal decomposition at 400°C in air of a -Fe0 

(OH) , whereas the hexagonal platelike ones were prepared by autoclaving at 300°C an alka-
line suspension of iron (III) hydroxide.5) The shape and size of the a -Fe203 particles 
formed by oxidation in the presence of the a -Fe203 seed were also found to be gorverned by 

the shape and size of the a -Fe203 seed besides the amount (Fig.3) . 
    The formation of the iron oxides is considered to take place by the oxidation of 

(HFe02)- formed by dissolution of iron particles. When the iron particles are well dispersed, 

[HFe02)- consumed by oxidation to form Fe304 or a -Fe203 is incessantly replenished by 
dissolution of iron particles. In the present oxidation experiments the formation rate of the 
iron oxides must be considered to be mainly determined by the dissolution rate of iron parti-
cles in the alkaline medium. The a -Fe203 content in the oxidation product prepared in the 
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absence of a -Fe2O3 seed might be determined by the raito of a -Fe2O3 nuclei to Fe3O3 ones 

formed at the initial stage of oxidation. 
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          Fig. 2. SEM photographs of a -Fe2O3 particles, prepared in the presence of 
0.4(0) , 0.8 (c) and 1. 6g/dm'' (d) a -Fe20: seed (a) . 
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          Fig. 3. SEM photographs of a -Fe2O3 particles (A) and (B) , prepared in the 
presence of 0.8g/dm' a -Fe2O3 seeds (a) and (b) , respectively 
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