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Critical evaluation of the revised akdalaite model for ferrihydrite—Discussion
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Hydromaghemite and ferrimagnetic ferrihydrite are two terms that designate the same phase, which 
exhibits strong ferrimagnetism and >3% water loss between 110 and 350 °C. Its X-ray diffraction 
patterns, both in the real and reciprocal space, are consistent with the structural model of ferrihydrite 
of Michel et al. (2010), which includes tetrahedrally coordinated iron. This phase can be readily pro-
duced via transformation of 2-line ferrihydrite in strictly aerobic conditions without the intermediate 
formation of magnetite, and where additives act, with different efficiency, as sorbents retarding the 
fast transformation, via aggregation, into hematite.
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In his critical evaluation of the last revised model for fer-
rihydrite proposed by Michel et al. (2011), Manceau (2011) 
indicates that the scattering pattern of the sample produced by 
heating two-line ferrihydrite at 175 °C for 8 h in the presence 
of citrate exhibits a scattering pattern “similar if not the same as 
for hydromaghemite.” This latter term was introduced by Barrón 
et al. (2003) to designate the intermediate ferrimagnetic phase 
first obtained by Barrón and Torrent (2002) by hydrothermal 
transformation of 2-line ferrihydrite (2Fh) doped with phos-
phate. This phase, which can also be obtained by heating 2Fh 
doped with citrate (Barrón et al. 2003), was later designated as 
ferrimagnetic ferrihydrite (ferrifh)—and its crystallochemical 
and structural characteristics were used to support the revised 
ferrihydrite model of Michel et al. (2011). So, “hydromaghemite” 
and “ferrimagnetic ferrihydrite (ferrifh)” are two terms that 
designate the same phase.

The term hydromaghemite was deemed to be convenient at 
one time because this phase (1) was found to be strongly fer-
rimagnetic with magnetic susceptibility and magnetic saturation 
values on the order of one half of those of pure maghemite (Bar-
rón and Torrent 2002; Barrón et al. 2003; Michel et al. 2010), 
and (2) lost >3% of water between 110 and 350 °C (Barrón et 
al. 2003). On the basis of X-ray diffraction data and infrared and 
Mössbauer spectroscopy data, Barrón et al. (2003) suggested hy-
dromaghemite to be a mixture of maghemite-like phase and 6-line 
ferrihydrite (6Fh). [It should be noted en passant that Manceau 
(2011) states that hydromaghemite is “a mixture of maghemite 
(γ-Fe2O3), hematite and 6Fh;” however, hematite is simply one 
of the products of transformation of the initial ligand-doped 2Fh; 
in fact, hematite and hydromaghemite particles appear as distinct 
phases under the TEM (Barrón and Torrent 2002)]. The fact that 
this phase could be placed in the general structural model (space 
group P63mc) of ferrihydrite of Michel et al. (2010) moved us 
to discontinue the term hydromaghemite in favor of the term 
ferrimagnetic ferrihydrite (ferrifh).

Manceau (2011) reminds the reader that “the formation of 
spinel from 2Fh is considered to proceed by partial reduction 
of ferric iron followed by partial (magnetite, Fe3O4) or total 
(maghemite) reoxidation depending on oxygen availability” and 
signals citrate as the reductant responsible for the formation of the 
magnetite phase precursor of the maghemite component in hy-
dromaghemite. However, the small proportion of citrate (citrate/
Fe molar ratio = 0.03) in the initial 2Fh we use in the synthesis 
procedure cannot explain the high proportion of a tetrahedrally 
coordinated iron(III) (IVFe)-containing phase in the transforma-
tion product; in addition, no evidence for magnetite is found 
during the transformation. Furthermore, ferrifh can be produced 
without using reductant ligands; as said before, phosphate was 
the ligand used in the synthesis of the first ferrifh (Barrón and 
Torrent 2002). It should be noted in this respect that aging dry 
2-line ferrihydrite at 50 °C in the presence of air with a relative 
humidity of 100% resulted in magnetic enhancement both for 
reducing (citrate, tartrate) and non-reducing ligands (silicate, 
phosphate) (Cabello et al. 2009). In summary, ferrifh can be 
readily produced via transformation of 2Fh in strictly aerobic 
conditions and where additives act, with different efficiency, 
as sorbents retarding the fast transformation, via aggregation, 
to hematite.

By contrast to Manceau’s (2011) statement that “the revised 
akdalaite model was established on a material that is a phase 
mixture and contains IVFe in another constituent (maghemite) 
than 6Fh,” we contend that ferrifh is a single phase that is accom-
panied in the synthesis products by residual poorly crystalline 
ferrihydrite and hematite (Michel et al. 2010). Its complete and 
abrupt transformation to hematite on aging at >125 °C (Barrón 
et al. 2003) is not consistent, in principle, with the coexistence 
of maghemite and 6Fh; given the different structure of these two 
phases one would not expect their transformation into hematite to 
occur simultaneously. Indeed, the XRD patterns of ferrifh (both 
in the real and reciprocal space) exhibit significant differences 
with those of maghemite proper (Michel et al. 2010). The model 
of Michel et al. (2010), which shows remarkable agreement * E-mail: vidal@uco.es


