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Abstract—The phase composition and particle shape of amorphous iron hydroxide—iron oxide precipitates
were correlated with the oxidation state of iron in the starting solution, Fe,0; : FeO ratio, and precipitation pro-
cedure (coprecipitation or successive precipitation) using Mdssbauer spectroscopy, atomic absorption, low-
temperature nitrogen BET, and electron microscopy data. A correlation was established between the amount of
iron(II) in the starting solution, the amount of the metastable phase y-Fe,0; in the precipitate, particle shape,
and the activity of the final heat-treatment products—o-Fe,O; and mixed oxides of iron.

INTRODUCTION

In recent years, researchers engaged in the synthe-
sis of ferromagnetic oxide materials have recognized
the advantages offered by chemical homogenization
of ferrite-forming components [1-4]: the assurance of
high chemical uniformity and activity of the resulting
ferrite powders [5]. Among chemical homogenization
methods, hydroxide precipitation, a cheap and envi-
ronment-friendly process, appears to be the most
attractive. The properties of ferrites and their repro-
ducibility depend strongly on the physicochemical
properties of the starting reagents, particularly on
those of the iron compound. All types of ferrites con-
tain large proportions of an iron constituent, which
forms their structural basis [5]. In view of this, it is
always important to characterize the starting iron
compound.

Earlier studies [6-12] were concerned with the
preparation of iron oxide pigments and magnetic fillers
for recording media, and their main purpose was to
obtain certain modifications of iron hydroxides and
oxides with particle-shape anisotropy.

In this work, we report the phase composition and
particle morphology of iron hydroxide precipitates and
the properties of their final heat-treatment product—
o-Fe,0; and mixed iron oxides—in relation to the oxi-
dation state of iron in the starting compound,
Fe,0; : FeO ratio, and the way iron(III) and iron(II)
hydroxides precipitate (coprecipitation or successive
precipitation). These data were obtained by Mdossbauer
spectroscopy, atomic absorption, low-temperature
nitrogen BET measurements, x-ray diffraction, and
electron microscopy.

EXPERIMENTAL

Mossbauer spectra were recorded on an electrody-
namic-type spectrometer operated at a constant accel-
eration (*’Co/Cr y-source with an activity of 50 mCi;
sample temperature, 300 or 77 K; source temperature,
300 K). Mossbauer data were processed by least
squares.

Trace analysis was performed on a Unicam SP-9
atomic absorption spectrometer. In x-ray diffraction
analysis, we used a DRON-3M diffractometer (FeK|,
radiation). Particle morphology was studied by light
microscopy (UEM-100K microscope) and scanning
electron microscopy (JCXA-733 electron probe x-ray
microanalyzer). Electrical and magnetic parameters
were measured by standard procedures [13].

Hydroxides were precipitated from 2 M solutions of
Fe,(SO,4)3, FeSOy, or their mixture and concentrated
NH,OH at a fixed or variable pH, with the reactants
simultaneously fed into the reactor. We varied the
Fe,0, : FeO ratio and used coprecipitation or succes-
sive precipitation. In the latter case, iron(II) hydroxide
was precipitated onto iron(IIl) hydroxide precipitate.
The products were aged for 15 h. We examined precip-
itates dried in a desiccator and those calcined subse-
quently at 1070 K.

RESULTS AND DISCUSSION

The hydroxide precipitates are known to suffer from
low filtration coefficients and are therefore difficult to
wash free of impurity ions. The properties of the pre-
cipitates were reported [14] to depend strongly on the
precipitation pH and temperature. In view of this, we
undertook the determination of the filtration coefficient
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Fig. 1. (2, 3) Specific surface area Ssp and (I'-3') filtration

coefficient of the precipitate as functions of precipitation
conditions: (') variable pH, T = 288 K; (2, 2') fixed pH, T=
288 K; (3, 3") fixedpH, T=320K.

K; and specific surface area S, of iron hydroxide as a
function of these parameters. Iron hydroxide was pre-
pared from a 2 M solution of iron(II) sulfate at (I) a
constant pH and (IT) a pH varied during the process to
a specified value by continuously adding the precipi-
tant.

The filtration coefficient of freshly prepared precip-
itates was determined as described in [15].

Our K; and S, data are presented in Fig. 1. For both
precipitation procedures and precipitation temperatures
of 288 and 320 K, K; peaks at pH 4.1 to 4.25 (pH was
measured with an accuracy of £0.1).

K; in procedure I is 3-3.5 times larger than that in
procedure II (Fig. 1, curves I, 2'). Raising the precipi-
tation temperature from 288 to 320 K causes a two- to
fourfold increase in K; (curves 2', 3') and a marked
decrease in the S, of the precipitate (curves 2, 3) and,
therefore, its activity. After washing with equal
amounts of water, the precipitates prepared by proce-
dure I contained 1.7-2.0 times less foreign cations than
the precipitates prepared by procedure II. Based on
these results, we optimized the conditions for iron(III)
hydroxide precipitation. Table 1 lists the conditions
under which the precipitates were prepared.

The Mossbauer spectra of the as-precipitated sam-
ples 1-4 (Table 1) are presented in Fig. 2, and M&ss-
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bauer data for the precipitates and their heat-treatment
products are listed in Table 2.

The spectrum of the sample prepared by precipita-
tion from an Fe,(SO,), solution (Fig. 2a, Table 2) con-
sists of a single quadrupole doublet with parameters
typical for the high-spin Fe3* ion in octahedral oxygen
coordination. Reducing the temperature from 300 to
77 K causes a marked broadening of the doublet com-
ponents (Fig. 2b, Table 2), indicative of a relaxation
process, presumably due to a small size of the super-
paramagnetic particles.

The spectrum of sample 2 consists of three sextets.
The sextet with H.; = 37440 kA/m and S = 4% was
assigned to y-Fe,0;, and the other two were assigned to
goethite, a-FeOOH (Fig. 2c, Table 2).

The spectrum of sample 3 consists of four sextets
(Fig. 2d, Table 2). Based on analysis of available data
[16, 17], the two sextets with higher H 4 values and a
total area of 67% were assigned to maghemite,
¥-Fe,0;, and the other two were assigned to o-FeOOH
[18, 19]. The separation of the second sextet for
v-Fe,O; was made by mathematical means for a better
resolution of the broad lines. Goethite is characterized
by two sextets because its structure contains a consid-
erable amount of water. As reported in [20, 21], when
goethite contains 9—10 mol % water, its resonance lines
are split into sextets with different H; values. Accord-
ing to Gendler et al. [20], the presence of water mole-
cules in the goethite structure results in four possible
nearest neighbor environments of the iron ion, realized
with different probabilities, each giving its own Moss-
bauer signal.

The spectrum of sample 4, which differs in Fe?*
content from sample 2, consists of four sextets. The
sextet with the greatest Hg, 39280 kA/m, cannot be
assigned with certainty to hematite, o-Fe,O5, which is
characterized by H = 4120043200 kA/m. The 77-K
spectrum of sample 4 clearly shows a sextet at H4 =
43200 kA/m, assignable to a-Fe,0;. Relying on this
assignment, the sextets with the greatest H.4 in the

room-temperature spectra were attributed to a mixture
of y-Fe,0O; and 0-Fe,0; (Fig. 2e, Table 2).

As evident from the above data, the precipitates pre-
pared from a mixture of ferric and ferrous sulfates con-
tain y-Fe,0;, whose proportion increases with Fe?*
concentration.

Figure 3 shows the Mdossbauer spectra of as-precip-
itated samples 68 (Table 1), which were obtained from
the FeSO, solution under different conditions, and that
of sample 9, which was calcined at 1070 K. The param-
eters of the spectra are listed in Table 3.

The room-temperature spectra of these samples
show closely spaced signals, which are characterized
not only by a well-resolved doublet but also by a par-
tially unresolved magnetic structure. The latter is evi-
denced by a “sag” in the spectrum and by the presence
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of broad weak lines between the strong lines due to
magnetically ordered phases. Computer deconvolution
of the spectra, without regard for the unresolved mag-
netic structure, revealed two sextets with the following

parameters: H = 39520-40320 kA/m, IS, = 0.62-

0.63 mm/s, QS; = 0.00-0.01 mm/s, Hg = 37040-

38800 kA/m, IS, = 0.06-0.62 mm/s, and QS, = -0.03
to +0.04 mnys. These IS values suggest that the sextets,
as well as the doublets, are due to the resonance absorp-
tion of y-quanta by the nuclei of Fe** ions. The spectra
taken at liquid-nitrogen temperature were characterized
by higher Hyy values (H.y, = 42400-42800 kA/m,

H4 =39520-40400 kA/m) and by the opposite sign

of the quadrupole splitting. The observed H., values

are characteristic of a-Fe,0; only [22, 23]. The change
of the sign of quadrupole splitting is explained by the
Morin transition, which is observed in well-crystallized
hematite [24]. The QS values of the first sextet at room
temperature are somewhat lower than the reference val-
ues, which might be due to the presence of minute par-
ticles (which is evidenced by large halfwidths I" and
difficulties in spectrum deconvolution).

The parameters of the second, broader sextet
allowed us to assign it to y-Fe,0;.

As the sample temperature is decreased, the doublet
due to Fe* in the spectrum of sample 6 disappears and
that in the spectra of samples 7 and 8 weakens. This
effect is explained by the superparamagnetism of
minute particles of both a-Fe,0; and y-Fe,0;.

As seen from Fig. 3 and Table 3, a weak magnetic
field applied to the precipitates obtained at pH 11 has
no considerable effect on the a-Fe,0, : y-Fe,0; ratio.
However, at pH 9.5, an applied magnetic field raises the
amount of y-Fe,0; from 64 to 76%.

Analysis of the signal from y-Fe,O; shows that, for
the samples precipitated in a magnetic field, the second
and fifth components are stronger than the first and
sixth (Figs. 3c, 3d). This finding suggests that y-Fe,0,
precipitated in a magnetic field has a collinear magnetic
microstructure [25].

The dependence of the phase composition of the
precipitate on the Fe?* concentration in the starting
solution, as derived from Mossbauer data (Tables 2, 3),
is illustrated in Fig. 4. Analysis of this dependence pro-
vides insight into the mechanism of phase formation in
mixtures of iron(II) and iron(Il) hydroxides.

The observed correlation between the starting per-
centage of iron(II) and the percentage of the resulting
v-Fe,0; (7% Fe*, 4% Y-Fe,05; 31% Fe*, 32%
v-Fe,0;; 50% Fe?*, 48% y-Fe,0;) suggests that y-Fe,0,
formation is confined to the volume of the forming
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Table 1. Characteristics of precipitates
am- . ol recipitation
ple no. Starting reagents omgo conditions
o'0
o3
Fe,(S0,); 100:0 |pH4.25
2 |Fey(SO4);+FeSO, | 93:7 |Successive precipi-
tation, pH 4.25,
Fe(1I)
pH 9.5, Fe(II)
3 |Fey(SO4); + FeSO, | 69:31 |Coprecipitation,
pH 9.5
4 |Fey(SO4)3+FeSO4 | 69:31 |Successive precipi-
tation, pH 4.25,
Fe(I1I)
pH 9.5, Fe(Il)
5 |Fey(SOy); + FeSO, | 50:50 |Successive precipi-
tation, pH 4.25,
Fe(II)
pH 9.5, Fe(Il)
FeSO, 0:100|H=0,pH 11.0
7 |FeSO4 0:100| H = 800 kA/m,
pH11.0
8 |FeSO, 0: 100 H = 800 kA/m,
pH9.5

Fe(OH), precipitate, as described by the following
equations:

2Fe(OH), + %oz — 20-FeOOH + H,0, (1)
Fe(OH), + 20-FeOOH —» Fe;0, + 2H,0, (2)

2Fe;0, + %oz — 3y-Fe,0,. 3)
Obviously, the o.-Fe,O; phase forms via goethite dehy-
dration:

20.-FeOOH — a-Fe,0; + H,0. “4)

Analysis of the correlation between the y-Fe,O,
yield and the percentage of iron(Il) in the starting solu-
tion for the two precipitation procedures (Table 2, sam-
ples 3, 4) clearly demonstrates that coprecipitation
favors reaction between iron(Ill) and iron(Il) hydrox-
ides (coprecipitation: 31% Fe?*, 70% Y-Fe,0;; succes-
sive precipitation: 31% Fe?*, 32% 7y-Fe,0,). These
results are additional evidence of the occurrence of
reactions (2) and (3).

Figure 5 shows the micrographs of precipitates 1, 3,
5, and 6 (Table 1). The hydroxide precipitated from an
Fe,(SO,4); solution consists of platelike particles
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Fig. 2. Mossbauer spectra of as-precipitated iron(IILII)
hydroxides for different precipitation procedures, oxidation
states of iron in the starting solution, and Fe,0O5 : FeO ratios:
(a, b) sample 1, (c) sample 2, (d) sample 3, (¢) sample 4. The
spectra were recorded at (a, c—e) 300 and (b) 77 K.
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Fig. 3. Mossbauer spectra of iron(II) hydroxide samples
prepared under different conditions: (a, b) sample 6,
(c) sample 7, (d) sample 8, (e) sample 9. The spectra were
recorded at (a, c, d) 300 and (b) 77 K. Sample 9 was calcined
at 1070 K.
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Table 2. Mossbauer data for iron hydroxides and oxides precipitated from iron(III) and iron(1I) sulfate solutions
Sa::) [.>le Phase composition H g, kA/m IS, mm/s** QS, mm/s I, mm/s S, %
1(A) Fe3+ 0 0.60(1) 0.72(2) 0.53(2) 100
1(A)* FeX* 0 0.74(2) 0.80(2) 1.01(2) 100
1(B) o-Fe, 0, 41440 0.63(1) 0.22(1) 0.32(1) 100
2(A) ¥-Fe,05 37440 0.65(4) 0.04(2) 0.60(1) 4(1)
o-FeOOH I 29760 0.66(2) 0.27(2) 0.58(2) 39(2)
I 25280 0.67(2) 0.24(2) 1.8(1) 574
2(B) o-Fe,04 41440 0.63(2) 0.22(1) 0.31(2) 100
3(A) v-Fe, 04 | 39520 0.60(2) 0.00(1) 0.58(2) 45(1)
I 36080 0.68(2) 0.06(3) 1.30(5) 25(1)
o-FeOOH I 29280 0.66(2) 0.25(2) 0.63(3) 13(1)
II 21840 0.71(2) 0.14(2) 0.89(3) 17(1)
iB) o-Fe,05 41360 0.62(2) 0.23(2) 0.31(2) 100
4(A) ¥-Fe,0, 39280 0.58(2) 0.01(2) 0.53(1) 17(1)
o.-Fe, 04 38240 0.59(3) -0.09(5) 1.00(6) 24(2)
o-FeOOH I 29360 0.59(2) 0.20(3) 1.00(5) 24(1)
1 22000 0.74(9) 0.10(7) 0.98(7) 15(1)
4(A)* v-Fe,04 42160 0.64(2) -0.06(2) 0.58(1) 32(1)
«-Fe,0; 43200 0.77(2) 0.07(2) 0.37(2) 20(1)
o-FeOOH 40640 0.72(2) 0.23(2) 0.57(1) 48(1)
4(B) o-Fe,0; 41440 0.63(2) 0.21(2) 0.32(1) 100
5(A) y-Fe,0;, 39200 0.60(2) 0.01(2) 0.53(1) 48(2)
o-Fe,0, 38240 0.60(3) ~0.10(5) 1.00(6) 19(1)
o-FeOOH I 29360 0.58(2) 0.20(3) 1.00(4) 17(1)
I 22080 0.72(9) 0.10(7) 0.98(7) 15(2)
5(B) o-Fe,0, 41440 0.63(2) 0.22(1) 0.31(2) 100

Notes: A and B label as-precipitated samples and samples calcined at 1070 K; QS = quadrupole splitting, I" = line halfwidth, and S = site

occuparncy.
* Measurements were performed at liquid-nitrogen temperature.
** [somer shift relative to sodium nitroferricyanide.

(Fig. 5a). Precipitation from a mixture of Fe,(SO,); and
FeSO, solutions yields needle particles at C_.. 2

31 wt % in the case of coprecipitation and at C_.. 2

50wt % in the case of successive precipitation
(Figs. 5b, 5¢).

The preparation of iron hydroxide and oxide pow-
ders with a desired particle shape (platelike, cubic,
spherical, needlelike) involves a number of additional
operations such as feeding an oxygen-containing or
reducing gas and adding a modifier [6-12]. By contrast,
we observed spontaneous variation of particle shape.
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By relating the phase composition of the precipitates
(Fig. 4) to their particle shape (Fig. 5), we inferred that
the presence of y-Fe,O; favors the formation of needle
particles. When this phase is present in a sufficient
amount, the precipitate particles are nearly monodis-
perse. Such particles form during the coprecipitation of
iron(Ilf) and iron(II) hydroxides in the ratio corre-
sponding to the magnetite stoichiometry or during pre-
cipitation from an iron(II) solution (Figs. 5b, 5d) if the
product contains 270 wt % y-Fe,0; (Table 2, Fig. 4).
Taking into account the structure of y-Fe,O; (defect
spinel structure with a cubic close packing of oxygen
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Fig. 4. Phase composition of as-precipitated iron hydrox-
ide—iron oxide mixtures as a function of iron(Il) concentra-
tion in the starting solution: (/) o-FeOOH, (2) y-Fe,0;,
€)) (X-F6203.

ions and tripled unit-cell parameter a along the fourfold
axis, which coincides with the unique direction of easy
magnetization [26]), one can infer that magnetic anisot-
ropy favors particle-shape anisotropy. As seen from the
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micrographs, the needle particles of the samples pre-
pared by coprecipitation of iron hydroxides in a ratio
corresponding to the magnetite stoichiometry are
aggregated into balls (Fig. 5b). This is apparently due
to the predominantly electrostatic interaction between
the particles under these conditions. Obviously, the
shape of “secondary” particles, which result from heat
treatment of precipitates, is determined by the orienta-
tion of the “primary” particles.

Calcining the precipitates at 1070 K yields single-
phase o-Fe,0; with unit-cell parameters characteristic
of well-crystallized hematite. Although the starting
amorphous powders differ in phase composition, the
Mossbauer spectra of their heat-treatment products are
identical and similar to the spectrum of o-Fe,0;
(Fig. 3e).

Table 4 lists the properties of a-Fe,0; samples and
magnesium-zinc ferrites prepared from them by stan-
dard ceramic processing.

Although o-Fe,0; samples with different histories
are structurally identical according to x-ray diffraction
and Mossbauer data, they possess markedly different
properties (Table 4). We explain this finding by the
effect of the y-Fe,O; phase, present in the as-precipi-
tated material, on the reactivity of the final product,
o-Fe,0;. This explanation is supported by the fact that,
as the proportion of y-Fe,O; increases, the rate of prod-
uct dissolution in hydrochloric acid falls and its specific
surface area and shrinkage ratio [27] grow (Tables 1, 4;
Fig. 4). It is also supported by the properties of magne-

Table 3. Mdssbauer data for iron hydroxide—iron oxide precipitates obtained from an iron(Il) sulfate solution

Sa::)ple Precipitation conditions |Phase composition| Heg, kA/m | IS, mm/s | QS,mm/s | T, mm/s S, %

6 pH 11 SP 0 0.69 0.90 1.03 8
H=0 o-Fe,04 39520 0.63 0.00 0.46 33

¥-Fe, 03 37040 0.61 0.03 1.28 59

6* Same as above o-Fe,04 42400 0.72 0.02 0.48 36
y-Fe,05 40160 0.73 0.06 1.16 64

7 pH 11 SP 0 0.62 0.90 0.97 11
H =800 kA/m o-Fe,0; 40000 0.62 0.02 0.41 21

Y-Fe,0; 38000 0.60 0.03 1.18 68

7* Same as above Sp 0 0.68 0.67 0.31 3
o-Fe,04 42400 0.70 -0.04 " 050 33

Y-Fe, 0, 39520 0.72 0.04 1.37 64

8 pH9.5 SP 0 0.64 0.72 0.51 11
H =800 kA/m o-Fe,0, 40320 0.63 0.01 0.40 11

¥-Fe,0; 38640 0.62 -0.03 1.17 78

8* Same as above Sp 0 0.73 0.68 0.58 7
o-Fe,0; 42800 0.73 -0.04 0.37 17

v-Fe,04 40400 0.74 0.04 1.26 76

Notes: Measurement errors: Hegr, 1400 kA/m; IS, £0.07 mm/s; QS, 0.07 mm/s; T, 0.07 mm/s; S, 10%. SP = superparamagnetic phase.

* Measurements were performed at liquid-nitrogen temperature.
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Fig. 5. Micrographs of precipitates (a) 1, (b) 3, (c) 5, and (d) 6 (Table 1); x40000.

sium-zinc ferrites. The ferrites prepared from sample 1
(Table 1, Fig. 4) are characterized by low magnetic per-
meability and high magnetic losses. By contrast, sam-
ples 2 and 4, which were prepared from the precipitates
containing 4 and 32 wt % 7¥-Fe,0;, respectively
(Table 1, Fig. 4), ensure high quality of the ferrites. The
effect of the large proportion of y-Fe,0; in the starting
precipitate 3 is likely compensated for by the adverse

effect of impurities, which are present in larger
amounts because of the high coprecipitation pH.

Thus, the activity of a-Fe,0; depends not only on
whether or not it contains y-Fe,0;, as noted in [5, 28],
but also on whether or not the latter is present in the
parent precipitate, even if it is absent in the oxide itself.
Therefore, in the synthesis of a-Fe,0; for ferromag-
netic materials via hydroxide precipitation, it is essen-

Table 4. Properties of a-Fe,0O; and electrical and magnetic properties of manganese—zinc ferrites as functions of the condi-

tions of o-Fe,0O5 preparation

: Electrical and magnetic properties*
Properties of a-Fe;0, of magnesium—zinc ferrite
Sample 1 ight I P,, mW/cm3
no. total concen- ) weight loss , mW/cm
l};‘g’ tration of 17 Ss;’ Tdiss fzs%‘lyz during calci-{H,, Alm| 1 | p,Qcm |By, mT—
293 limpurities, %| m¥g | $** |( )| nation, % 295K | 350K
1 99.4 0.19 48 | 151 ]| 102 041 223 |1400| 0.02 475 155 115
2 99.3 0.19 234 921 122 0.51 239 | 1950 093 480 105 65
3 99.1 0.36 115 | 102 | 13.7 0.54 247 | 1750 0.12 435 145 100
4 99.4 0.18 275 70 1 139 042 23.1 {2000] 0.19 445 115 75

* Coercivity (H,.), initial magnetic permeability (ii;), saturation induction (B), and specific power loss (P,) were measured at room tem-

perature; Bg, at 800 A/m and 16 kHz; P,, at 20 Pa and 16 kHz.
** Time of dissolution in 6 N HCI.
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Table 5. Effect of the conditions of preparation of nickel-zinc ferrites on their properties (£, = 1240 K, Tgp, = 1 h)

Sample no.| Preparation conditions Ssps m¥g** | d, g/om’ K, % p, Qcm o,, A m¥%kg
1 Coprecipitation 0.45 52 16.5 6.7 x 107 49.06
Successive precipitation
2 on precipitate 1* 1.17 53 18.5 6.7 x 107 47.27
3 on precipitate 2 1.35 55 19.9 2.1x10° 54.60

* For the characteristics of the precipitates, see Table 1.

** The specific surface area of the mixture for ferrite synthesis was determined from air permeability data for a compacted powder layer

on a PSKh device [29].

tial to ensure y-Fe,O; formation in the hydroxide pre-
cipitate.

All the above is true for metal ferrite synthesis via
hydroxide precipitation. Table 5 lists some properties
of nickel-zinc ferrites whose compositions are similar
to those of ZSCh-8 ferrites. The mixtures for ferrite
synthesis were prepared by heat-treating coprecipitated
iron(III), nickel, and zinc hydroxides (sample 1); nickel
and zinc hydroxides precipitated on iron hydroxide
(sample 2); and nickel and zinc hydroxides precipitated
on the mixture of iron(Ill) and iron(Il) hydroxides
(sample 3). Even a small amount (4 wt %) of y-Fe,0;,
which was present in the parent precipitate of sample 3
(Table 1, Fig. 4), was sufficient to increase the activity
(Ssps K d) Of the oxide mixture and to improve the
electrical and magnetic properties (p, o) of the sintered
bodies.

Note that the coprecipitated hydroxides studied tend
to form stable aggregates, and, therefore, they have a
smaller specific surface area than do successively pre-
cipitated hydroxides (Tables 4, 5). The direct depen-
dence of the activity of o-Fe,O; and mixed oxides
based on it on the presence of the metastable phase
v-Fe,O; in the parent oxide-hydroxide precipitate
(even when this phase is absent in the final product) tes-
tifies to a memory effect, which determines, to a great
extent, the structure and properties of the ferrites [29].

CONCLUSION

The phase composition and particle shape of amor-
phous iron hydroxide-iron oxide precipitates are
shown to depend on the initial oxidation state of iron,
Fe,0; : FeO ratio, and precipitation procedure (copre-
cipitation or successive precipitation).

A mechanism of phase formation in mixtures of
tron(I1I) and iron(Il) hydroxides is suggested.

There is a correlation between the amount of
iron(II) in the starting solution, the amount of the meta-
stable phase y-Fe,0; in the precipitate, particle shape of
the precipitate, and the activity of the final heat-treat-
ment product—o-Fe,0; or mixed oxides of iron.

An applied magnetic field promotes y-Fe,O; forma-
tion in the precipitates and favors the collinearity of the
magnetic structure.

The y-Fe,O; phase, when present in the precipitate
in amounts of 70 wt % or more, favors the formation of
monodisperse needle particles. At a lower y-Fe,O; con-
tent, the particles are platelike.

The results of the present study may be useful in
optimizing the precipitation procedure and parent pre-
cipitate for ferrite synthesis.
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