the range -10.6 to -8.9, which is exhibited by the first transition series, Mn*, Co®",
Ni2*, and Zn?*.

A number of the early results have been reviewed by Sweeton and Baes (IL.44),
and the stability of FeOH* appears to be best defined by the work of Hedstrom
(I1.45), Morozumi and Posey (11.46), Sweeton and Baes (I1.44), and Mesmer (11.47).
Since oxidation of Fe®* and most protolytic impurities would liberate acid, one would
expect that the smaller values reported for Q, reflect studies in which those two
factors were minimal. Sweeton and Baes studied the solubility of Fe,O, over wide
ranges of solution composition (10* m HCl to 4 x 10* m NaOH) between 50°C and

300°C at 1 atm of hydrogen:

1/3Fe3Q4(c) + 2-y)H* + 1)3H,(g) = Fe(OH)y @-9* + (4/3-y)H,0 [11.66]

Magnetite is the stable solid phase, and equilibrium constants derived from the

solubility behavior expressed in terms of the homogeneous equilibria

Fe* + yH,0 = Fe(OH), ™" + yH* [1L.67]
are given in Table I1.2. These data give a vale of -9.3 for log K, at 25° with an
estimated uncertainty of + 0.5 log unit. Hedstrdm (IL45) obtained a value of -9.5 +
0.2in 1 M NaClO, at 25°C from titration experiments with a glass electrode in a cell
similar to that of Forsling et al. (I1.48). His experiments were conducted on 0.008 M to
0.050 M Fe(II) solutions, and the maximum hydroxyl number obtained in the more

dilute solutions was 0.008. Similar results were obtained by Mesmer (I1.47), also using
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Table 11.2

Fe®* Hydrolysis Equilibria as a Function of Temperature, 298° - 573°K

From Sweeton and Baes (I1.24)

Fe + yH,0 «Fe(OH), ®* « yH+

1 -A
LogK, = — + B(InT-1 D
¢Ky = 2303k | T PO
A B D
Species (cal/mole)  (cal mole™K)  (cal mole™K™) Log K,,(298°K)
FeOH™ 15143 -6.46 38.49 93 + 05
Fe(OH), 31491 -9.81 57.64 205 + 1.0
Fe(OH), 35921 -9.81 31.84 -29.4 + 1.2
Species Al-fh, “ (kcallmole) AS‘IV-” (cal mole™ K1)
FeOH* 182+ 1.6 1.7+ 4
Fe(OH),(aq) 286 + 2.9 1716
Fe(OH), 30.3 + 3.6 14217
a 298°C

a titration procedure, with a hydrogen electrode for measurement of acidity. This work
in dilute FeCl, solutions gave a value of log Q,, of -9.58 + 0.08 and a value of -9.49 +
0.08 for log K,,. This result is in good agreement with that of Morozumi and Posey

(I1.46), who generated both the Fe?** and the H* coulometrically (seé Table IL.3).
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Table I1.3

Observed Values of Q,, for Fe** at 25°C

Medium Log Qq, Source
Very dilute - -9.3 11.44
0.003 M FeCl, -9.58 11.47
1 M NaClO, -9.5 I11.45
Very dilute 95 - 11.46

The first hydrolysis constant at 25°C is:

Fe» + H,O = FeOH* + H*, logK,, = -9.5 + 0.1 [11.68]

There are no estimates for stabilities of polynuclear species in the ferrous system.

Ehrenfreund and Leibenguth (11.49) reported additional determinations of log
Q;in2 M (NH,),SO, and in 2 M NaClO, using a spectrophotometric method in the
ultraviolet region. They assigned a strong absorption occurring in the region 240 to
440 nm to the FeOH™ species and measured pH with a glass electrode. The Fe(Il)
concentration was 5 x 10° to 10 M, and they obtained surprisingly close agreement
for log Q,, in the two media [-8.1 in 2 M NaClO, and -8.3 in 2 M (NH,),SO,] in view of
the fact 'that one would expect considerable complex‘ingvby NH, and SO42’ ina2M
(NH,),SO, solution. These authors pointed out that the presence of ferric ion could
lead to strong interference, but precautions were taken to minimize this factor. Baes

and Mesmer question these results since lower values for log Q,, would be more
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consistent with the data of Table I1.3 and the data for the other divalent transition

metal ions.

1.G.2. Ferrous Hydroxide.

The solubility of metastable Fe(OH), in a relatively active form has been
reported along with a review of the other determinations by Leussing and Kolthoff

(11.50). The solubility product for Fe(OH), is:
Fe(OH),(act) = Fe** + 20H", logk® , = -15.15 £ 02, logK,,, = 12.85 + 02 [11.69]

This result compared with log K,,, (1 atm H,) for magnetite from Sweeton and Baes

(11.44):
1/3Fe,0(c) + 2H" + 13H, = Fe** + 43H,0, logK,;, = 12.02 (1 Atm H,) [11.70]

shows (in agreement with thermodynamic data) that magnetite is the stable phase in
the presence of hydrogen.
Gayer and Woontner (I1.51) carried out solubility studies in dilute base, where

the principal reaction is:

Fe(OH),(act) + OH" = Fe(OH);, logK?® ,, = -5.08 + 0.05 [I1.71)
By combining results from Fe(OH), solubilities Baes and Mesmer can estimate log K,
as -31.9, which is considerably lower than the value of Sweeton and Baes in Table I1.2
(-29.4). The solid phases possibly were not identical in the two studies of Leussing
and Kolthoff (I1.50) and Gayer and Woontner (I1.51). Alternatively, the value of

Sweeton and Baes (I1.44) may be high because of neglect of the Fe(OH)f':
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Fe(OH),(c) + 20H" = Fe(OH), *', logK® ;, = =55 + 01 [IL72]

Again, estimation of log K,, (-46) by combination of these data with the solubility
product of Leussing and Kolthoff (I1.50) has the unéertainty regarding the solid phase.

[1.G.3. Fe*' Hydrolysis in Solution

The hydrolysis of Fe** was examined by Hedstrém (11.52) at 25°C in 3 M
NaClO, using a calomel electrode in combination with glass and Fe**/Fe** electrodes.
He observed the formation of a gelatinous precipitate with the addition of sodium
hydroxide, which dissolved slowly. However, by use of sodium hydrogen carbonate
solutions as the titrant, this difficulty was averted, enabling attainment of hydroxyl
numbers as high as 0.5 to 0.7 before precipitation occurred. Biedermann and
Schindler (I1.53) subsequently demonstrated that in a portion of these experiments the
solutions were supersaturated with the solid phase, believed to be FeO(OH). This fact
does not, however, affect the conclusions made regarding equilibria in solution.

This is one of the rare instances in which the hydrogen ion concentration and
the metal ion concentration were both observed experimentally, enhancing the
reliability of the conclusions. Hedstrém’s data do show greater scatter than is usually
observed in such studies, possibly resulting from precipitation in the experiments. The
results of this study have been widely quoted and have been confirmed at least in part
by several other workers. The species FeOH?*, Fe(OH),", and Fe,(OH),** were
identified by Hedstrém, and their formation quotients are given in Table II.4 along with
the results of other primarily spectrophotometric studies in different media. The resuits

of this extensive work are in good agreement on the value for log Q,,, with expected
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Table 11.4

Hydrolysis Products of Fe**

Log Q,,
Temperature »
Medium (°C) FeOH®*  Fe(OH),*  Fe,(OH),'*  Fey(OH),>*  Source
0.15 M NaClO, 18.2 273 I1.54
0.08 M NaClO, 20.0 -2.68
0.15 M NaClO, 35.5 2.32
0.0117 M NaClO, 18.0 -2.55 I1.56
25.0 2.37
32.0 2.19
0.0217 M NaCIO, 18.0 -2.60 I1.56
25.0 -2.42
32.0 2.25
0.0317 M NaCIO, 18.0 2.63 11.56
25.0 -2.45
32.0 2.28
1.00 M NaCIO, 18.0 -2.96 2.92 11.56
25.0 -2.79 272
32.0 -2.61 -2.51
1 M NaClO,? 20.0 -2.64 -5.85 -2.65 I1.57
0.5 M NaCIO, 25.0 272 I1.58
0.25 M NaCIO, 25.0 -2.66 275 11.59
3.0 M NaCIO, 25.0 -3.05 -6.3 291 11.52
3.0 M NaCIO, 25.0 -3.05 -6.31 -2.96 -5.77 I1.54
0.15 M NaClO,*  20.0 273 11.60

a. Corrected for gy,,.

variations due to the medium. Biedermann has repeated the measurements of

Hedstrdm, giving an additional minor species, Fes(OH)f’*, along with those given by

Hedstrdm - FeOH?*, Fe(OH),*, and Fe,(OH),** (results quoted by Schlyter, I1.54):
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Fe® + H,O - FeOH* + H*, logQ,, = -3.05 (3 M NaCIO,)) [11.73]

Fe3* + 2H,0 = Fe(OH); + 2H", logQ,, = -631 (3 M NaClo)  [IL74]

2Fe3 + 2H,0 = Fe,(OH);” 2H", logQ,, = -2.96 3 M NaCiO)  [IL75]

3Fe* + 4H,0 « Fe (OH);" + 4H", logQ,, = -5.77 (3 M NaClO)) [11.76]
Absorption spectroscopy has been employed very extensively in the study of the
hydrolysis behavior of ferric ion. The more important of these studies have indicated
essential agreement with the potentiometric results on the hydrolysis mechanism. The
spectra of the two species Fe(H20)63+ and Fe(H20)50H2+ (Turner and Miles, 11.61)
along with the spectrum of the dimer (Milburn and Vosburgh, 11.62), presumably
Fe,(H,0)s(OH),**. Over a very short span of wavelength are shown in Figure I1.31.
These absorptions are undoubtediy of the charge-transfer type, based on the region
of occurrence and the magnitude of the extinction coefficients. Although there is
some disagreement among investigators on the magnitudes of the extinction
coefficients, the more recent work is consistent with Figure 11.31. [Mulay and Selwood
(I1.63) mistakenly assigned the absorption at 340 nm exclusively to the dimeric
species.] It is apparent that the dimer does have a relatively strong absorption in that
region. Olson and Simonson (I1.64), Siddall and Vosburgh (11.65), and Milburn and
Vosburgh (I1.62) have observed an isosbestic point in dilute Fe(III) solutions at about

273 nm due presumably to Fe®** and FeOH?*. The disappearance of the isosbestic
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point at higher concentration is consistent with the appearance of the third species

Fe,(OH),**.

By ultracentrifugation of saturated solutions, Lengweiler et al. (I1.66) were able

to place a limit on the value of log K,3:

FeO(OH)(act) + H,0 ~ FE(OH),(aq), logK ;; < -8.7 [11.77]

from which Baes and Mesmer estimate log K, using K, for a-FeO(OH):

Fe3* + 3H,0 = Fe(OH),(aq) + 3H", logK,, < -12 [T1.78]

Baes and Mesmer estimate log K, from the value of log Q,,, by Biedermann and

H

O
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Figure I1.31. Absorption spectra of Fe(III) species. From data of Turner and

Miles (I1.61) and Milburn and Vosburgh (11.62) (from reference
I1.24).

Schindler (11.54), log Q”'514 of Lengweiler et al. (11.67), log Q°,, and the ionic strength
effect (Table I1.5):

I1.57




Summary of Fe?* and Fe** Hydrolysis at 25°C (from reference I1.24)

Table I1.5

LogQ,, = logK,, + al /(1 + I'?) + bm,

Species or Phase L a log Q
ped °g Ky my, =01 m, =10 m, =30 o(log Q)
Fe2+
FeOH* 9.5 -1.022 0.4 0.2 0.1 +0.1
Fe(OH), -20.6 -1.022 0.30 0.05 -0.04 +1.0
Fe(OH), -31 0 -0.05 -0.21 -0.26 +1.5
Fe(OH)> -46 2.044 -0.34 -0.34 -0.34 +0.3
Fe(OH),(act) (log Q,,,) 12.85 1.022 -0.30 -0.05 -0.04 402
Fe3+
FeOH?* 219 -2.044 1.18 0.44 0.18 +0.02
Fe(OH),* -5.67 -3.066 2.02 0.78 0.25 +0.1
Fe(OH), -12 -3.066 2.40 0.86 0.34
Fe(OH), . 21.6 -2.044 2.08 0.67 0.13 +0.2
Fe,(OH),** -2.95 0 1.07 0.32 0.06 +0.05
Fey(OH),** -6.3 1.022 (0) +0.1
a-FeO(OH) (log Q.;,) 0.5 3.066 -2.40 -0.86 -0.34 +0.8
FeO(OH)(am) 25 . +0.1
Fe3* + 4H,0 ~ Fe(OH), ~ + 4H", logK,, = -21.6 + 0.2 [1L.79]

Table I1.6 summarizes the thermodynamic data of Milburn (I1.56) from

temperature coefficient measurements and of Arnek and Schiyter (I1.68) from

calorimetric measurements in NaClO, media. The main hydrolysis species in the
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Enthalpy and Entropy of Fe** Hydrolysis

Table 11.6

Equilibria in NaClO, Media at 25°C (from reference 11.24)

xFe? + yH,0 = Fe (OH), &) + yH *

lonic
strength of AH,, AS,, .
medium Species (kcal/mole) (cal mole™"K™) Source
0 FeOH?* 10.4 + 0.2 25.0 + 0.7 I1.56
0 Fe,(OH),"* 135+ 1.0 32+4 11.56
1 FeOH?* 10.2 + 0.3 21 + 1 11.56
1 Fe,(OH),** 122+ 1.2 28 +5 11.56
3 FeOH?* 11.0 + 1.8 23+ 6 11.68
3 Fe,(OH),”*  10.0 + 04 20 + 1.3 11.68
3 Fes(OH),°*  14.3 + 2.1 22+7 11.68

range of solution composition examined by Arnek and Schlyter is the dinuclear

species, Fe,(OH),**. The species FeOH?*, Fe(OH)?*, and Fe,(OH),>* represent only

a small fraction of the total ferric iron; the species Fe(OH), was in fact neglected in the

interpretation of the calorimetric data.

11.G.4.

Maanetic Moments and Kinetics

Mulay and Selwood (I1.63) reported interesting but somewhat controversial

evidence for diamagnetism of the dimer Fe,(OH),** in contrast to the strong

paramagnetism arising from the five unpaired electrons of Fe®**. Schugar et al. (11.69)

have reinterpreted the magnetic susceptibility data in terms of a paramagnetic species
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with three unpaired electrons per iron atom. The analogous complex (FeHEDTA),0*
(HEDTA is the trivalent anion of N-hydroxyethylethylenediaminetriacetic acid) has only
two unpaired electrons and is considered to have an Fe-O-Fe bridge. The authors
suggest that the higher magnetic moment of the aquohydroxy dimer may indicate a
dihydroxy bridge. | ‘ |

Wendt (I1.70) studied the kinetics of the hydroxo-iron(III) monomer-dimer
equilibrium using pressure-jump relaxation techniques. Several years later the work
was repeated using a stopped-flow apparatus while following the concentration of
dimeric species spectrophotometrically. Conocchioli et al. (I1.71) and also Sommer
and Margerum (I1.72) in similar work obtained values for the rate constants for the

disappearance of the dimer in the following reaction:

Fe,(OH), ** = 2FeOH*" [11.80]

All of these investigations agree on the rate law for the disappearance of Fez(OH)z“*:

-d[Fe(OH), **

dt = (k, + k,[H"1)[Fe,(OH), ** [11.81]

with the rate constants tabulated in Table I1.7.

11.G.5. Ferric Hydroxides

The equilibrium solid phases formed frorﬁ ferric solutionsr ére fairly well
established. Some information is available on the solubilities of several of the phases
in different media. The solid phases which have been reported are a-, 8-, and y-
FeO(OH), a-Fe,O; [the most stable‘form for Fe(III)], and the active and inactive forms

of amorphous Fe(OH), with unknown hydroxide and oxide content.
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Table I1.7

Rate Constants for the Decomposition of
Fe,(OH),** in 3 M NaCIO, at Various Temperatures (from reference 11.24)

-d[Fe,(OHY), **1/dt = (k, + k,[H *])[Fe,(OH), *']

Temperature K, K,

(°C) (sec™) (M sec™) Source
14.3 0.1 + 0.1 24 + 0.1 I1.72
15.0 0.15 + 0.05 1.75 + 0.2 I1.73
25.0 04 4+ 02 3.1+ 0.1 I1.72
25.0 0.4 + 0.1 31+02 11.73
25.0 0.35 35 IL.71
32.0 1.0 + 0.1 46 + 0.3 11.73
34.8 1.0+ 05 54 + 0.3 I1.72

The g form of FeO(OH) precipitates from chloride media, and this highly active
substance often contains interstitial anions such as CI" or F* (Dasgupta and Mackay,
(I1.74); Biedermann and Chow (I1.75)). Nitrate and sulfate solutions, however, give a-
FeO(OH) on heating in alkaline solutions or FeSO, solutions (Van Oosterhout, (11.76)).
Feitknecht and Michaelis (I1.77) have shown that upon addition of base to ferric
perchlorate solutions, a-FeO(OH) and amorphous Fe(OH), are produced. The
amorphous (Fe(OH), slowly transforms to a-FeO(OH) and a-Fe,O,. In their
experiments, no stable state was reached even after several years, but if a small
amount of ferrous ions is present, complete crystallization of lthe amorphous hydroxide
to a-FeO(OH) takes place. Some of the other conditions affecting the rate of
crystallization of a-FeO(OH) were also examined by Schwertmann and Fischer (I1.78).
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The solubility product of "3-FeO(OH)" containing chloride ions was examined by
Biedermann and Chow in 0.5 M NaCl at 25°. The emf data obtained under a steady-

state condition after more than two months were explained in terms of the equilibrium:

Fe(OH),,Cl, ,(c) + 2.7TH* « Fe®" + 2.7TH,0 + 0.3CL", logQ = 3.04 + 005  [I1.82]
The quantity [Fe®**] in the equilibrium expression was taken as the total Fe(III)
present, although in the NaCl medium, Fe** is complexed by chloride. The solid
phase gave the same X-ray pattern as reported by several others for 8-FeO(OH).

Schindler et al. (I1.79) have reported data on aged amorphous FeO(OH) and a-

FeO(OH), both aged for several years:

FeO(OH)(am) + 3H* + H,0 = Fe** + 3H,0, logQ,,, = 3.55 + 0.1 (3 M NaClO,) [11.83]

FeO(OH)(e) + 3H* + H,0 = Fe** + 3H,0, logQ,,, = 1.4 + 0.8 (3 M NaClO,) [11.84]

Also, Biedermann and Schindler (I1.53) have studied the steady state reached after
200 hr with amorphous ferric hydroxide [believed to be FeO(OH)] in 3 M NaClO, at
25°. Their value for log Q,,, is 3.96 + 0.10. They have also reviewed the earlier work
by other authors.

However, the free energy data of the NBS compilation indicate that Fe,O, is the
most stable phase in this system, with log K_,, of -1.88.

I.G.6. Summary of Chemistry of Iron

Ferrous ion hydrolyzes to produce the array of mononuclear species FeOH* to
Fe(OH)f‘ between pH 7 and 14, but their stabilities are known with less precision than

is generally possible. Magnetite is the stable solid phase in equilibrium with the
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ferrous ion. Polynuclear species of ferrous ion which may exist at high concentrations
of Fe(II) have not been reported. The distribution of species and the solubility of

Fe(OH), are shown in Figure I1.32. Ferric ion hydrolyzes much more readily than

(6) 0.00{m Fe(X)
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Figure IL.32.

ferrous ion, beginning at about pH 1. A dinuclear species, Fea(OH)z‘”, and two

mononuclear species, FeOH?* and Fe(OH),*, are formed in acidic solutions, while
Fe(OH),(aq) and Fe(OH), appear in neutral and basic media. There is evidence for

the formation of a small amount of Fe,(OH),>* before precipitation occurs. The stable
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form of precipitated ferric hydroxide is a-FeO(OH), but attainment of equilibrium and

interconversion of various other phases are very slow in this system, requiring several

years at 25°C. The distﬁbution of Fe(III) species and the solubility of a-FeO(OH) are

shown in Figure 11.33.

Figure I1.33.
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As stated above, the aqueous chemistry of iron(111) is complicated (11.80, 11.81,

11.82). Weiser (I1.83) summarized the older literature and states that, owing to the

extremely low solubility of hydrated iron oxide, the nucleation proceeds much more

rapidly than the growth. As a result a large number of very small particles are

generated flocculating to a gelatinous precipitate when alkali is added to a iron(III)
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solution. The precipitate does not display an X-ray pattern nor one or more well
defined hydrates. At 350 to 550°C, depending on the heating rate and the preparation
conditions, the precipitate exhibits a glow phenomenon, which has been demonstrated
to be due to sintering. The glow phenomenon hence is brought about by the lattice
energy rapidly set free during the sintering of the extremely small iron oxide particles.
The onset of the sintering may be ascribed to the loss of water covering the iron oxide
particles and thus stabilizing the small particles. However, small water-free hematite
particles display also the glow phenomenon, which indicates that it is not necessarily
related to the loss of water. As iron oxide and chromium oxide are exhibiting the glow
phenomenon in contrast to finely divided (hydrated) alumina, the onset of rapid
sintering may be related to the oxides becoming non-stoichiometric. As a resuit
mobile vacancies are created that lead to rapid sintering and thus to the rapid
evolution of the heat of crystallization.

Van der Giessen (11.84) studied the chemical and physical properties of iron(III)
oxide hydrate; he noted two divergent views of precipitation. One group of authors
holds the opinion that with increasing pH levels, Fe(IlI) ions form charged species
Fe(OH),"* and these charged species gradually polymerize with the addition of alkali
(11.85, 11.86). Other authors feel that addition of hdyroxyl ions immediately leads to the
formation of a small hydrated iron oxide particles of a larger molecular weight (I1.87,
11.88). According to the later authors, the added hydroxyl ions are not distributed |
evenly over the Fe(IIl) ions, but are concentrated in a limited number of hydrated

oxide particles. Van der Giessen experimentally investigated the effect of addition of
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alkali to iron(III) solutions at 25°C. The added hydroxyl ions are consumed at a pH'
level of about 2 without formation of a visible precipitate. The color of the solution
becomes darker brown, indicating that a reaction is nevertheless proceeding. At a pH
of 2.4 the pH raises more rapidly on addition of alkali and the viscosity of the solution
increases. Van der Giessen assumed that EDTA reacts rapidly only with monomeric
Fe(H,0), and not with polymeric Fe(Ill) species. Measuring the consumption of
EDTA, he concluded that above a pH level of about 2 monomeric Fe(lIl) species are
no longer present in the solution.

Van der Giessen argued that his results indicated that addition of hydroxyl ions
initially leads to formation of a colloidal dispersion of small hydrated iron oxide particle.
When the reaction to produce hydrated iron oxide is completed, the pH increases
which leads to flocculation of the particles and to an increase of the viscosity. He
characterized the hydrated iron oxide particles by magnetic measurements,
M&ssbauer experiments, X-ray diffraction, infrared spectroscopy and electron
microscopy. To obtain an X-ray pattern Mo radiation had to be utilized. The
diffraction pattern thus measured does not correspond to any known (hydrated) iron
oxide and resembles that of 6-FeOOH. The M&ssbauer results indicated all the iron
was present in one state, while magnetic measurements and electron-microscopy
pointed to particles of a fairly uniform size of 3 nm.

Later Dousma and de Bruyn (I1.89-11.91) and Dousma (I1.92) studied the
precipitation of Fe(Ill) also at higher temperatures and at much lower concentrations.

They, moreover, used special techniques to maintain homogeneous solutions and to
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avoid local elevated concentrations. From the optical density changes during the pH
increase of the solutions, these authors concluded that initially hydrolysis of monomers
and formation of hydrolysed dimers proceeds. Subsequently there is a rapid
reversible growth of small polymers followed by an irreversible reaction to small
polymers. Finally a precipitate results. The particles first formed were found to exhibit
dimensions of about 4 nm; during the flocculation the particles conglomerate to
clusters of 20 to 50 nm.

Van der Woude (I1.93) especially studied the crystallization of precipitated
hydrated iron(III) oxide. In agreement with the above authors he observed formation
of particles of 3 to 5 nm at pH levels above about 2 at temperatures below 55°C. The
amorphous particles were extremely stable in a pH range from 4 to 9; reaction to the
more stable goethite, a-FeOOH, proceeds very slowly. Above 55°C the precipitate
also reacts to hematite, a-Fe,O,, while above 85°C hematite is formed exclusively.

The size of the hematite particles is 50 to 60 nm. Rapid addition of alkali leads to
smaller particles of 15 nm.

Rapid precipitation from a homogeneous solution generally leads to the
crystallization to large particles of a-FeOH or a-Fe,O,. Holding an amorphous
hydrated oxide species for a prolonged period at a pH level below 4, where
recyrstallization can proceed fairly rapidly results in the formation of large particles of
FeOOH (below 55°C) or Feaosu(above 85°C). Recrystallization of the amorphous

hydrated iron(III) oxide in the pH range of 4 to 9 is slow. When the iron solution is

11.67




prepared using Fe(III) chloride it is nearly impossible to prevent the formation of g-
FeOOH (IL.91).

Precipitation of Fe(III) appears to be rather complibated and difficult to control
so that precipitation of Fe(ﬁ) may be preferred for the preparation of iron(III) oxide.
With Fe(II), however, the preparation of iron(I1l) and prevention of uncontrolled
oxidation of the iron(III) have to be envisioned. Dissolution of metallic iron into
hydrochloric acid using an excess of the metal leads to an Fe(Il) solution. To prevent
oxidation of Fe(II) ;co Fe(III), this can be done by keeping the suspension at about
95°C under nitrogen and subsequently cooling.

Since in the pH range 2 to 6 the solubility of Fe(IIl) is much lower than that of
Fe(II), oxidation of Fe(Il) in this pH range can be used to effect precipitation. Better
results are obtained when the oxidation is carried out by a dissolved oxidizing agent,
such as nitrate ions. With a homogeneous oxidation Fe,O, results, the Fe(IlII) ions
react with Fe(Il) to proddce magnetite of a low solubility. Since hydrolysis of the
Fe(IlI) formed by the oxidation causes H*-ions to be set free, the pH has to be kept
constant. The degree of hydration of magnetite is smaller than that of eithér hydrated
amorphous Fe(III) oxide or Fe(Il) hydfoxide. The small magnetite particles may
rapidly oxidize on exposure to atmospheric air aﬁd in the presence of water the
resulting Fe(Ill) oxide particles take up the usual large amounts of water. However,
when oxygen is excluded during separation from the liquid and during drying of the
material, the extent of hydration of the iron species may remain low even after

complete oxidation to Fe(III).
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