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Introduction

Hercynite (FeAl2O4) is one of the endmembers of the 
spinel group minerals that have the general formula 
A2+B2

3+O4. This formula describes the spinel com-
pound with normal cation distribution which means 
that all the divalent cations occupy tetrahedral sites 
(Td), whereas all the trivalent cations are located 
in the octahedral environment (Oh) [1]. However, 
the intersite exchange of the cations is possible, 
for example hercynite crystal lattice commonly 
contains Fe3+ cations in the Oh sites as a result of 
the formation process [2–4]. Furthermore, Al3+ ion 
occurrence in Td sites is also feasible. This disorder-
ing process can be described by the formula (A1−xBx)
IV(AxB2−x)VIO4, where x defi nes disorder degree and 
symbols IV and VI refer to Td and Oh coordination, 
respectively. When the x parameter takes a value of 
0 spinel possesses a normal cation distribution while 
for x = 1 the distribution is fully inversed. Each 
spinel may be fully characterized by determination 
of three structural parameters a, u, and x, i.e. the 
lattice parameter, the oxygen positional parameter, 
and the cation inversion parameter, respectively. 
Iron-aluminate spinel, which is the concern of this 
work possesses regular symmetry and crystalizes in 
the space group Fd3m with the Fe2+ cation in site 8a 
(1/8 1/8 1/8), the Al3+ cations in site 16d (1/2 1/2 
1/2), and the anions O2− in site 32e (u u u) [4]. The 
aim of this study was to characterize hercynite syn-
thesized by the non-traditional arc-melting method 
by means of the crystal structure determination, 
together with the local chemical environment and 
charge of iron in this spinel. 
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Abstract. In this work the synthesis of hercynite from Fe2O3 and Al2O3 powders was carried out by arc-melting 
method under the protective argon atmosphere. The obtained material was characterized with the use of pow-
der X-ray diffractometry (XRD) and Mössbauer spectroscopy (MS). A Mössbauer effect in hercynite obtained 
by the arc-melting method indicated the cations distribution in the spinel structure among the tetrahedral and 
octahedral interstices. The presence of Fe2+ ions was detected in both tetrahedral and octahedral sites while Fe3+ 
ions occupied only the octahedral interstices. The approximate formula of the obtained iron-aluminate spinel 
was as follows (Fe2+

0.77Al3+
0.23)(Fe3+

0.07Fe2+
0.05Al0.88)2O4. 
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Experimental 

The sample of hercynite was synthesized by the arc-
-melting method (arc furnace, SpekoArc 300) using 
a stoichiometric mixture of pure analytical grade 
Fe2O3 and Al2O3 powders as precursors. The mixture 
was homogenized and pressed into pellets before the 
melting process. The XRD pattern of melted and sub-
sequently powdered product was obtained at room 
temperature, using PANanalytical X’Pert Pro MPD 
X-ray diffractometer in Bragg−Brentano geometry, 
with CuK radiation ( = 1.54056 Å), in the 10°  
2 < 90° range. The structural parameters a, u, and 
x were determined using the FullProf software [5]. 

Mössbauer measurements were performed in a 
transmission mode with the use of  RENON MsAa-3 
spectrometer equipped with the LND Kr-fi lled pro-
portional detector and He-Ne laser based interferom-
eter used to calibrate a velocity scale. A commercial 
57Co(Rh) source kept at room temperature was 
applied for 14.41-keV resonant transition in 57Fe. 
The quadrupole splitting distribution (QSD) from 
the Mössbauer spectrum of FeAl2O4 was obtained 
by the use of the Voigt-based quadrupole splitting 
method. This methodology of spectra fi tting as-
sumes a certain number of m generalized interstices, 
when each of them possesses their own continuous 
quadrupole split distribution. Each generalized site-
-specifi c QSD consists of certain number of Gauss-
ian components which are described by the two site 
specifi c parameters (0, 1). The center shift, desig-
nated as m, is a linear function of QS (quadrupole 
splitting) as it is shown by the equation m = 0 + 
1·QS, where 0 is the value of m if the distribution 
parameter takes the value 0, and 1 means the cou-
pling of m to a distributed parameter [6]. 

All the given isomer shift data are relative to -Fe 
throughout this paper. The Mössbauer absorbers 
were prepared in the powder form. 

Results and discussion 

Figure 1 presents XRD pattern of the obtained 
sample. All the diffraction lines were assigned as be-

longing to hercynite (JCPDS 007-0068) with regular 
symmetry of the Fd3m space group. The X-ray dif-
fraction pattern shows that other phases do not exist 
in the investigated sample. Thus, synthesis by the 
arc-melting method resulted in the pure hercynite 
formation. The lattice parameter a of hercynite was 
determined as 8.1320(9) Å, while for the sintered 
one it was found to take the value of 8.1646(3) Å 
[7]. If we consider theoretical Fe-Al spinel with 
the normal structure, the a parameter should be 
estimated on 8.1409 Å [4]. Hence, the value of the 
lattice parameter obtained in this study is closer to 
the theoretical one. The slight difference between 
the theoretical and measured value of the lattice 
parameter may be related to the thermal history of 
the sample as well as distribution of Fe2+, Fe3+, and 
Al3+ ions between the two possible types of cavities. 

The Mössbauer spectrum of the melted sample 
is shown in Fig. 2 and it was fitted using two 
quadrupole split distributions which correspond to 
di- and trivalent iron sites. The obtained hyperfi ne 
interaction parameters are listed in Table 1. The 
fi rst component of the lower mean shift 0.364 mm/s 
could be assigned to Fe3+ in octahedral coordination. 
The second component was fi tted assuming two 
Gaussian distributions of quadrupole splitting (QS) 
parameters corresponding to Fe2+ in tetrahedral and 
octahedral sites. The lower mean QS value distribu-
tion of 1.414 mm/s is due to iron in Td sites, while the 
higher of 2.158 mm/s is generated by iron in the Oh 
coordination. The proposed model and the obtained 
values of hyperfi ne interaction parameters are in a 
good agreement with those previously obtained by 
Yagnik et al. [8]. 

The quantitative composition of the sample was 
estimated through the relative areas of the compo-
nents. The greatest area comprising approximately 
77% of Fetot was found for tetrahedrally coordinated 
Fe2+ ions at Td sites. About 13.5% of Fetot could be 
assigned to divalent iron in the octahedral sites. 
The rest of the iron ions were Fe3+ occurring in 
the octahedral sites. The obtained results permit-
ted to determine the cations distribution as well 
as the general formula of the synthesized spinel as 
(Fe2+

0.77Al3+
0.23)IV(Fe3+

0.07Fe2+
0.05Al0.88)VI

2O4. 

Fig. 1. XRD pattern of the arc-melted FeAl2O4.
Fig. 2. Room temperature Mössbauer spectrum for the 
arc-melted FeAl2O4.
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The fraction of Fe3+ ions occupying Td cavities 
in the obtained spinel is low when compared to 
hercynite prepared by the others [9], what confi rms 
effectiveness of the synthesis method applied in this 
study. The inversion parameter takes on the value 
of x = 0.23, what is agreeable with the x reported in 
Ref. [8]. The inversion parameter x was used to refi t 
the XRD pattern in order to determine the oxygen 
parameter u which was estimated at u = 0.262 what 
is close to the theoretical value of 0.25. 

Conclusions 

The synthesis by the arc-melting method, with the 
use of Al2O3 and Fe2O3 powders as precursors, per-
mitted to obtain the monophasic crystalline material, 
consisted only of iron-aluminate spinel (hercynite). 
The Mössbauer effect measurements showed partial 
cationic disorder in the melted hercynite and allowed 
the general formula of this spinel to be determined 
as follows (Fe2+

0.77Al3+
0.23)(Fe3+

0.07Fe2+
0.05Al0.88)2O4. The 

synthesized spinel compound was fully character-
ized by determination of all its structural parameters 
a, u, and x taking the values of 8.1320 Å, 0.262, and 
0.23, respectively. 
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Table 1. The Mössbauer hyperfi ne parameters for the arc-melted FeAl2O4 

Compo-
nent

0 
[mm/s]

1 
[mm/s]

m 
[mm/s]

IS 
[mm/s]

QS 
[mm/s] QS A 

[%]
Position 

assignment 2

Fe3+   0.371(12) –0.009(10)   0.365(19)   0.364(12) 0.721(10) 0.276(8)   9.5(5) Fe3+ (Oh) 1.67
Fe2+ 0.909(4) 0.018(2) 0.934(6) 0.936(4) 1.414(12) 0.696(6) 77.0(5) Fe2+ (Td) 1.67
Fe2+ 0.909(4) 0.018(2) 0.948(6) 0.936(4) 2.158(10)   0.306(15) 13.5(5) Fe2+ (Oh) 1.67
   m – central shift, 0 – the value of m if the distribution parameter has a value of zero, 1 – the coupling of m to a distributed 
parameter, IS – isomer shift, QS – quadrupole splitting (center of Gaussian QSD component), QS – width of the quadrupole 
split distribution, A – surface area. 


