JOURNAL OF MATERIALS SCIENCE 19 (1984) 183188

Effect of the partial pressure of water vapour
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The thermal decomposition of pure v-FeOOH in air flow has been studied at a water
vapour partial pressure of 1 X 1073 to 20 mm Hg. The specific surface areas of the decom-
position products (y-Fe,0; and a-Fe,05) have been found to decrease with increasing
partial pressure. 1t has been also established that the increase in partial pressure of the
water vapour accelerates the transformation of y-Fe, 05 into a-Fe,0;,.

1. Introduction

The thermal decomposition of y-FeOOH is one of
the methods used for the preparation of y-Fe,0,
and o-Fe,05. A number of factors such as tem-
perature, reaction medium, purity of the initial
compound, etc. [1—6] have a strong effect on the
decomposition process. Investigations have been
carried out on both the dehydration of y-FeOOH
to v-Fe, O3 and the phase transformation y-Fe, 0,
- a-Fe,03. In recent years additional factors
affecting the mechanism of this transition have
been found [7—10]. The purpose of the present
paper was to study the effect of the water vapour

0022-2461/84 $03.00 + .12

© 1984 Chapman and Hall Ltd.

partial pressure on the thermal decomposition of
v-FeOOH and the possibility of preparation of
dispersed y-Fe,Os. The influence of the water
vapour on the phase transition y-Fe,03 - a-Fe,04
was also investigated.

2. Experimental detaiis

The initial pure y-FeOOH was obtained by oxidat-
ive precipitation of a solution (0.36 M) of FeSO4
according to the method of Solcova er al. [11].
During the oxidative precipitation a constant
pH =7 was maintained, and the oxidation rate
was 1.33 x 1072 molmin™' 1™'. According to elec-
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Figure 1 Change in the specific surface area of the oxides obtained by thermal treatment of y-FeOOH for 3 h at high
decomposition temperatures; o, specific surface area of samples obtained in air flow at a water vapour partial pressure
of 1 X 107 Hg; -+, specific surface area of samples obtained in air flow at a water vapour partial pressure of 0.75 mm
Hg; e, specific surface area of samples obtained in air flow at a water vapour partial pressure of 17.5 mm Hg.

tron microscope data, the y-FeOOH particles are
needles with a mean size of 15.0 nm. The size of
separate particles varied between 10.0 and 21.0
nm. The thermal decomposition of the oxy-
hydroxide proceeded at 200 to 500° C in air and a
water vapour partial pressure of 1 x 107 to0 0.75
to 17.5 mm Hg, respectively. The time of isother-
mal heating was chosen on the basis of preliminary
experiments and was 3h. The solid products of
thermal decomposition were studied by infrared
spectroscopy, Mossbauer spectroscopy, electron
microscopy and magnetic measurements. The
specific surface area was determined by a modified
Brunauer, Emmett and Tellier (BET) method [14].
The infrared spectra were taken with a Beckman
IR-20 spectrometer using TIBr as a matrix because
of its higher refractive index and the fact that it is
not hygroscopic. The Mossbauer spectra were
obtained at room temperature using 512 and 256
channels, whereas at liquid nitrogen temperature

184

256 channels were utilized. The y-radiation source
was *’Co in a rthodium matrix. The Mossbauer
spectra obtained were processed by a computer.
The magnetic measurements were made at room
temperature by a Yokogama 3257 hysteresiso-
graph.

3. Results and discussion

The present investigations showed that the tem-
perature of thermal decomposition of the initial
v-FeOOH and the partial pressure of the water
vapour in the reaction space effect the specific
surface of the oxides obtained (Fig. 1). The
specific surface area of the initial y-FeOOH was
115m2g™.

The curves in Fig. 1 illustrate a decrease in the
specific surface area of the samples with increasing
decomposition temperature. This is due to the
proceeding of sintering and recrystallization
reactions.
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Figure 2 Relative change of surface ($/S,) of y-Fe,O0,
during heating in air at a water vapour partial pressure of
17.5 mm Hg at 220° C.

Low-temperature sintering occurs at tempera-
tures up to 300° C in an air flow at a water vapour
partial pressure of 1 x 107> mm Hg as well as at
250°C and a water vapour partial pressure of
17.5 mm Hg. This process is favoured by the small
size of the oxide and hydroxide particles and by
their tendency to aggregation.

Fig. 2 shows low-temperature sintering of
v-Fe, 05 in air at a water vapour partial pressure of
17.5 mm Hg.

As is evident from Fig. 1, the thermal decom-
position of y-FeOOH is strongly affected by the
water vapour present in the reaction space. With
increasing water vapour partial pressure the specific
surface area of the oxides obtained decreases.
With rising temperature one observes an increase
in the difference between the specific surface areas
of the samples obtained in “dry” air (water vapour
partial pressure, 1 x 107> mmHg), on the one
hand, and samples prepared in “humid” air (water
vapour partial pressure 0.75 and 17.5mm Hg), on
the other. This is due to the different promoting
effect of the water vapour interacting with the
oxide surface:

{(a) on the low-temperature sintering which pro-
ceeds at temperatures up to 250° C in a “humid”
air flow and up to 300° Cina “dry” air flow;

(b) on the recrystallization of the X-ray amor-
phous ¥-Fe,0; which proceeds at 250 to 400° C
in a “humid” air flow and at 300 to 400°C in a
“dry” air flow.

(c)on the sintering of the a-Fe,0; which
proceeds at temperatures above 450° C,

The increase in the water vapour partial pressure

TABLE [ Data on the phase composition of the oxides
obtained from the Mbssbquer spectra

T Pyo v-Fe,0, (%) a-Fe,0, (%)
{mm Hg)

250 1x1073 100 —

250 17.5 93 7

300 1 X107 88 12

400 1x10°3 71 29

400 17.5 39 41

450 1x1073 - 100

450 17.5 - 100

in the reaction space at higher temperatures leads
to an increase in the surface diffusion rate of the
substance [12]. As a result, the rate of “coalesc-
ence” at the particle contact site increases and the
specific surface area of the oxidesrapidly decreases.
The effect of the water vapour partial pressure on
the crystallization process of highly dispersed
v-Fe 05 is very strong. In this case the term
“highly dispersed” is used for oxides with a par-
ticle size below 100 nm and a doublet unresolved
Mossbauer spectrum at room temperature. A first
order y-Fe;0;3 — a-Fe,03 phase transition occurs
within the temperature range of recrystallization.
The obtained v-Fe, 0, having a spinel type crystal
structure passes into o-Fe,0; with a corundum
type crystal structure. The results from the Moss-
bauer studies showed increasing o-Fe,03 amounts
during decomposition of y-FeOOH in air at a high
water vapour partial pressure (Table I and Fig. 3).

The increase in amount of a-Fe, 043 with increas-
ing water vapour partial pressure is associated with
acceleration of the phase transition v-Fe,03 -~
a-Fe;0; under the effect of the water vapour.

The infrared spectra of the samples gave quali-
tative information on the transition y-Fe,03
a-Fe,0; and on the accelerating effect of water
vapour on the crystallization of the oxides (Table
I and Fig. 4).

The results obtained by measuring the coercive
force of the oxides obtained are given in Table III.
The table shows that with increasing decomposition
temperature within the range of 250 to 400°C
the values of the coercive force increases. This is
due to the increasing size of the oxide particles.
This increase is associated with the decreasing
superparamagnetism  of the sample obtained,
Simultaneously, y-Fe, 03 passes into a-Fe,03, and
the amount of nonmagnetic a-Fe,O; shows and
increase at the higher temperatures. Obviously, the
decrease in size of the 4-Fe,Os particles more
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Figure 3 Mossbauer spectra of (a) 1. Initial v-FeOOH at room temperature. 2. y-Fe,0, obtained by decomposition of
7-FeOOH at 250° C in air flow at a water vapour partial pressure of 1 X 10 mm Hg. 3. 4-FeOOH heatied at 250° C in
air flow and a water vapour partial pressure of 17.5 mm Hg. 4. y-FeOOH heated at 400° C in air flow at a water vapour
partial pressure of 1 X 107> mmHg. 5. v-FeOOH heated at 400° C in air flow at a partial pressure of 17.5 mm Hg.
Spectra 2 to 5 were obtained at 78 K. (b) 1. a-Fe, O, obtained by decomposition of 4-FeOOH at 450° C in air flow at a
water partial pressure of 1 X 10-* mm Hg. 2. o-Fe, O, obtained by decomposition of y-FeOOH at 450° C in air flow at a
water partial pressure of 17.5 mm Hg. Spectra were obtained at room temperature.

strongly affects the coercive force than does its
dilution by non-magnetic a-Fe,03. The samples
obtained at 450° C are nonmagnetic owing to the
complete transformation of ¥-Fe, 03 into a-Fe,0s.

Electron microscope observations showed the

TABLE 11 Infrared spectra of the oxides obtained

particles of initially formed y-Fe, O3 to be needles.
With advancing process of <v-Fe,03 > a-Fe;0;
transition the particles become almost spherical.
Table IV shows the mean particle size for the differ-
ent samples as determined by electron microscopy.

TCO Py,0 Absorption bands (cm™)

(mm Hg) +Fe,0, Fe,0,
250 1 %102 400, 558, 1090, 1620 —
250 17.5 330, 400, 558,1090, 1620 390,445
300 1x10°3 330, 558,1090,1620 390, 445,615
400 1x1073 558,1090,1620 390,445,615
400 17.5 558,1090,1620 390,445,615
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Figure 4 IR spectra of oxides .obtained by decomposition of ¢-FeQOH. (a), (¢) and (d) In air flow at a water partial
pressure of 1 X 107 mm Hg and temperatures of 250, 300 and 400° C, respectively. (b) and (e) In air flow at a water
partial pressure of 17.5 mm Hg and temperatures of 250 and 400° C, respectively.
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TABLE 111 Coercive force of the oxides obtained

T¢Q) Pu0 He Phase composition
(mm Hg) (oe)

250 1x1073 50 v-Fe,0,

250 17.5 50 y-Fe,0, and o-Fe, 0,
300 1x10°3 62.5 v-Fe,0, and a-Fe,0,
300 17.5 62.5 y-Fe,0, and a-Fe,0,
400 1x1073 87.5 y-Fe,0, and a-Fe,0,
400 17.5 87.5 v-Fe,0, and o-Fe,O,
450 1 x10°3 - a-Fe,0,

450 17.5 - a-Fe,0,

The values of the coercive force given in Table
IIT are lower than those available in the literature
(400 to 5000e) concerning v-Fe, O3 obtained by
oxidation of Fe3Q04. The reason for this difference
is, above all, in the superparamagnetism of y-Fe,0,
with a small particle size. In his survey Morrish
[13] also showed that magnetite obtained by
decomposition of y-FeOOH has weaker magnetic
properties due to its bad morphology, ie. its
polydispersity and low density. However, improve-
ment of these parameters can be expected if -
FeOOH with a lower dispersity is used as an initial
substance. The present investigations show a
possibility of controlling the dispersity and phase
composition of the system y-Fe,Oz/a-Fe,03 by
changing the partial pressure of water vapour
during the thermal decomposition of y-FeOOH.
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