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NOTE

Al SUBSTITUTION AND DIFFERENTIAL DISORDER
IN SOIL HEMATITES

(Received 14 March 1977; and in final form 21 March 1977)

Hematite (2-Fe,03) occurs frequently in many soils devel-
oped in tropical and subtropical areas. It is usually finely
divided and need be present in only small amounts to im-
part intense bright red coloration.

X-ray diffractograms of hematite in these soils were
found to differ from reference hematites in two ways: (i)
some lines are much sharper [(110), (113), (300)] than the
rest and (ii) all lines show a significant shift towards lower
spacings. Differential line broadening is particularly
obvious when comparing the two strongest lines, of which
the (104) may be more than twice as broad as the (110)
line (Figure 1). The line shift to lower spacings suggests
that Al replaces Fe in the hematite structure (Caillére et
al., 1960; Janot et al., 1971; Janot and Gilbert, 1970; Per-
inet and Lafont, 1972b; Nahon, 1976).

In an attempt to elucidate the factors leading to these
abnormal properties, hematites were synthetized in various
ways, namely by heating synthetic goethite or ferrihydrite
(formerly called amorphous ferric hydroxide) or by con-
verting ferrihydrite to hematite at 70°C in aqueous suspen-
sion in the presence of Al

As seen in Table 1 (last column), the same differential
line broadening can be produced by heating synthetic
goethite to 320°C. After heating to 600°C, the line broaden-
ing is significantly decreased (Francombe and Rooksby,
1959). When a 5 mole%, Al substituted goethite is used,
differential broadening is more pronounced at 320°C and
still persists to a large extent at 600°C. Al-ferrihydrite does
not convert to hematite at 320°C, but at 600°C it yields
a hematite similar to the one obtained from Al-goethite.

Similar line broadening was produced with hematites
synthesized from ferrihydrite in aqueous suspension at
70°C and pH 7 and 5.5 in the presence of Al, whereas
without Al, a nearly normal diffractogram was obtained.
With increasing amounts of Al in the system, the differen-
tial line broadening increased and both lines showed a
shift towards lower spacing indicating Al substitution in
the hematite structure (Gastuche et al., 1964). The mole?,
Al substitation (Table 1) was estimated uvsing a, as de-
rived from d (110) and a linear relationship between g,
and mole%; Al based on the data of von Steinwehr (1967)
and Perinet and Lafont (1972a). These data show that for
hematites (prepared by heating Fe-Al-coprecipitates at
>1000°C) the variation in a, with Al content deviates
quite substantially from the Vegard rule, ie. the simple
linear interpolation between the a, values of hematite and
corundum.

The differential line broadening has been explained for
the case in which hematite forms from goethite by heating
(Francombe and Rooksby, 1959). At 320°C, where the
goethite has been converted to hematite, a structural sub-
unit common to both minerals is inherited by the hematite
from goethite, yielding an ordered structure in the hematite
a-direction, whereas the superstructure of these sub-units
in the c¢-direction, being different from that of goethite,

373

is not yet fully developed. This is only achieved at 600°C,
resulting in all lines being equally sharp.

In forming hematite from ferrihydrite via solution
(Fischer and Schwertmann, 1975), Al seems to have a simi-
lar effect, ie. preventing the superstructure from being
attained properly, whereas the sub-units appear to be well
established, although goethite is not the precursor. Since
soil hematites form in the same way and since they appear
to be Al substituted (Table 1) the same mechanism is
believed to operate during hematite formation in soils. Al-
substituted hematites showing the same differential line
broadening were described from bauxites (Perinet and
Lafont, 1972b).

Besides the effect of differential line broadening, small
amounts of Al (5 mole%) also inhibit goethite formation
under these conditions (70°C), whereas high amounts (e.g.
30 mole?%,) apparently lead to smaller crystals, as seen from
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Figure 1. X-ray diffractograms of hematites from various
sources: (1) natural reference (Wards); (2) natural, Oxisol,
Transvaal; (3) synthetic, from ageing ferrihydrite with 5
moleY, Al; (4) as before, but with 15 mole?, Al; (5) syn-
thetic, from heating 5 mole%; Al goethite at 320°C.
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Table 1. Properties of hematites from various sources

Ratio of WHH*

aq Al substitution

Source of hematite (nm) (mole %) (104)/(110)
Natural reference (Wards) 0.5038% 0 1.0
Synthetic reference (Merck) 0.5038 0 1.0
Natural, Oxisol, Brazil 0.5020 8.2 1.9
Natural, Oxisol, Transvaal 0.5026 5.5 22
Synthetic, from heating goethite

at 320°C 0.5040 0 3.0

at 600°C 0.5038 0 1.8
Synthetic, from heating Al goethite

at 320°C 0.5024 6.4 40

at 600°C 0.5026 5.5 24
Synthetic, from heating Al ferrihydrite

at 600°C 0.5028 4.5 25
Synthetic, from ageing ferrihydrite in aqueous suspension at 70°C, pH 7

with 0 Al 0.5038 0 13

with 5 Al} 0.5028 4.5 24

with 15 Alf 0.5016 10.0 49

* Width at half height corrected for instrumental broadening using a Philips’ PW 1050/70 instrument with CoKo

radiation and a graphite monochromator.
+1In accordance with ASTM 24-72.

1 Al added initially to the suspension as mole%; of Fe + Al

a general increase in the line broadening, until Al finally
inhibits any crystallization (Gastuche et al., 1964), depend-
ing on such factors as the pH and temperature of the sys-
tem (details to be published elsewhere).

Preliminary results show that Ti coprecipitated with Fe
as ferrihydrite also seems to enhance the differential line
broadening of resulting hematite, although to a lesser
extent than Al
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