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Delafossite CuFeO2 belongs to multiferroic class of materials. In this work, copper ferrite was prepared by
mechanical activation with subsequent thermal treatment. X-ray diffraction and Mé&ssbauer spectroscopy were
used as complementary methods to study the structure and hyperfine interactions of the material. As proved by
X-ray diffraction, CuFeO2 compound was obtained with relatively low amount of secondary phases like CuO and
CuFe204. The Méssbauer spectroscopy revealed paramagnetic character of the compound at room temperature.
The purest delafossite CuFeO2 was obtained by mechanical activation of pre-milled precursors and sintering at
1173 K. The temperature of thermal treatment is lower by 100 K as compared to the traditional solid-state synthesis.
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1. Introduction

Delafossites with ABOs structure are relatively good
recognized group of materials. They have specific appli-
cations as transparent semiconducting oxides, catalysts,
luminescent materials, p-type semiconductors used in so-
lar cells, etc., [1-3]. Many of delafossites are also mul-
tiferroics which increases the interest and efforts of re-
searchers to find efficient methods of producing pure com-
pounds. Delafossites have characteristic layered struc-
ture originally observed for the mineral CuFeOs discov-
ered in Siberia in 1873 [4]. One layer consists of the close-
packed monovalent Cu ions and the other one is formed
by edge-shared Fe?*Og octahedra with iron cations in-
side [5, 6]. The delafossite structure can form two poly-
types depending on the orientation of layers in stacking,
i.e., the rhombohedral 3R type (space group R—3m) and
the hexagonal 2H type (space group P63/mmc) [6, 7).

Delafossite compounds are difficult to prepare with-
out any special conditions. In the case of CuFeOs this
is connected with valence state of Cu ions, for which
more favorable is the +2 state than +1. Hence, the
successful synthesis of copper ferrite requires strict con-
trol of the valence state. Another problem is when the
reaction is carried out in air, which favorably leads to
form CuFe;0,4 compound with the spinel-type crystalline
structure. If reaction of CusO and Fe;Oj3 is provided un-
der nitrogen conditions, the pure copper delafossite phase
is formed [8]. Until now, only high-temperature and am-
bient gas atmosphere methods have been developed for
obtaining high quality samples. However, according to
the recent report [9], it is possible using low-temperature
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hydrothermal synthesis for preparation a pure CuFeOo
delafossite.

In the present work, another method is proposed for
synthesis of CuFeOy compound, namely mechanical ac-
tivation (MA). In the MA technology, the mixture of
the constituent oxides is placed into the vial of ball mill.
However, the milling process itself is often not sufficient
to produce the desired compound and requires additional
thermal treatment [10-12]. The aim of this work was:
(1) to synthesize CuFeOs by MA technology and (2) to
characterize the structure and hyperfine interactions of
the compound after MA process as well as after heat
treatment. X-ray diffraction (XRD) and Méssbauer spec-
troscopy (MS) were applied as complementary methods
to study the structure and magnetic properties of the
obtained delafossite.

2. Experiment

Two series of samples were synthesized by mechanical
activation method and thermal treatment using FeyOj
and CuzO as constituent oxides (both purity > 99.9%).
A high-energy ball mill Fritsch Pulverisette P5 type with
stainless steel balls of 10 mm diameter and 10:1 ball-to-
powder weight ratio was used. In the first series (MA I),
oxides mixed in suitable proportions were milled in a ni-
trogen atmosphere for up to 50 h. In the second one
(MA 1II), oxides were firstly milled separately for 5 h in
air, then mixed in the appropriate proportions and milled
together in air for up to 50 h. From both sets, the sam-
ples for measurements were picked after 2, 5, 10, 20 and
50 h of milling. The final products of MA T and MA II
were heated from room temperature up to 993 K in a
calorimeter Perkin Elmer DSC 7 under an argon atmo-
sphere with a rate of 20 K per min. Another process of
thermal treatment based on cold-pressing of final pow-
der and pressureless sintering under a nitrogen for 10 h
at 1173 K.
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XRD measurements were performed using a Philips
PW 1830 diffractometer working in a continuous scan-
ning mode with CuK,radiation. X'Pert HighScore Plus
computer program was used to phase analysis and deter-
mination of structural parameters. Room-temperature
Maossbauer spectra were registered in a transmission ge-
ometry by means of a constant-acceleration POLON
spectrometer of standard design. The 14.4 keV gamma
rays were provided by a source of °"Co in a rhodium ma-
trix. The spectrometer was calibrated using a-Fe foil.
The isomer shifts for all the samples were determined in
relation to a-Fe at room temperature.

3. Results and discussion

XRD and MS techniques allowed us to monitor the
process of delafossite CuFeOqy formation. In the XRD
patterns recorded after individual milling stages only sys-
tematic broadening of diffraction peaks may be observed
(Fig. 1 presents the results for MA I series for example).
Moreover, some peaks from CuyO disappear while the
main CupO peak (at 260 = 36.5°) merges into one broad
pile together with reflex from hematite.
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Fig. 1. XRD patterns recorded for MA I series after

individual stages of milling process.

All Mossbauer spectra registered for the samples me-
chanically activated during 2-50 h consisted mainly of
sextet originating from hematite and weak doublet in
the central part of the spectrum (Fig. 2 presents the MS
spectra for MA I series for example). Hyperfine inter-
actions parameters of this doublet change with milling
time slightly and for the samples milled for 50 h the
values are as follows: isomer shift 6 = 0.35 [mm/s| for
both MA I and MA II series and quadrupole splitting
A =0.52 [mm/s] (MA I) and 0.62 [mm/s] (MA II). These
parameters are similar to those reported for delafossite
CuFeO; (0 = 0.378 [mm/s| and A = 0.619 [mm/s] [13]).
Thus, the doublet in MS spectra may be treated as due
to a new delafossite phase.

As shown, after mechanical activation for up to 50 h de-
lafossite CuFeQO, phase may start to be formed; however,
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Fig. 2. Room-temperature MS spectra registered for
MA T series after individual stages of milling process.

heat treatment is needed to complete the reaction. Fig. 3
presents comparison of XRD patterns for the samples af-
ter 50 h MA and thermal treatment for both series. Al-
ready the process of gradual heating up to 993 K allowed
the formation of delafossite; however, with some amount
of non-reacted or new-formed oxides. After sintering at
elevated temperature delafossite CuFeQs is clearly visible
as the main phase.

Analysis of XRD patterns was carried out under an as-
sumption of rhombohedral lattice (R — 3m space group).
The lattice parameters determined for the main CuFeOo
phase as well as its content A estimated from the area of
diffraction peaks are presented in Table I. The obtained
values of a and ¢ parameters are in good agreement with
data published in [14].

Structural data for the main phase CuFeOsz. TABLE I
Series Lattice parameters [A] [A [%]
50 b, 993 K | a = 3.040(2), ¢ = 17.19(2) | ~70
MA I
50 h, 1173 K | @ = 3.041(2), ¢ = 17.20(1) | ~80
MA II 50 h, 993 K |a = 3.036(1), ¢ = 17.18(1) | ~40
50 h, 1173 K | a = 3.038(2), ¢ = 17.19(1) | ~90

Mossbauer spectra for the samples after MA process
and thermal treatment are shown in Fig. 4. It may be
noted that all the spectra are a superposition of sextet
and doublet, excluding the spectrum for the sintered sam-
ple of MA II series. The doublet confirms that a para-
magnetic CuFeOy compound was formed during heat
treatment.
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Fig. 3. XRD patterns for the samples after 50 h MA,
heating up to 993 K, and sintering at 1173 K: (a) MA I
series, (b) MA II series (sign ? refers to unidentified
phase; vertical lines are for CuFeOz phase, PDF 00-
039-0246).

Hyperfine interactions parameters for the doublet de-
termined by numerical fitting of the MS spectra are listed
in Table II. The obtained values highly correspond with
data reported for CuFeOs delafossite obtained by solid-
state reaction [13, 15] or hydrothermal synthesis [9]. The
isomer shifts are typical of trivalent iron located in an
octahedral site.

It may be added that the fuzzy sextet observed for
the sintered sample of MA I series (Fig. 4a) was fitted
by two components which have the values of hyperfine
magnetic fields characteristic of spinel phase of CuFe;O4
(Bpy = 50.0 and 47.1 T) [16]. This confirms results of
phase analysis, when in XRD pattern (Fig. 3a) this com-
pound was recognized as a secondary phase. However,
this result is not consistent with literature data according
to what spinel CuFe;O4 should not create during synthe-
sis under nitrogen atmosphere.

4. Conclusions

It was shown that delafossite CuFeO5 may be prepared
by mechanical activation with subsequent thermal treat-
ment. Both XRD and MS techniques allowed monitoring
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Fig. 4. Room-temperature MS spectra for the samples
after mechanical activation, heating up to 993 K, and
sintering at 1173 K: (a) MA I series, (b) MA II series.

TABLE II

Hyperfine interactions parameters of CuFeQO2 phase de-
rived from Mdssbauer spectra: § — isomer shift relative
to a-Fe standard, A — quadrupole splitting; uncertainty
for § and A is 0.01 [mm/s].

Series 0 [mm/s] | A [mm/s] | Ref.
50 h, 993 K 0.36 0.62
MAT 50 h, 1173 K 0.42 0.62 this
MA I 50 h, 993 K 0.36 0.62 work
50 h, 1173 K 0.37 0.62
Sohd-s'tate 1273 K 0.378 0.619 [13]
reaction 0.401 0.638 [15]
H her.
ydrother. |43 0.38 0.64 | [9]
synthesis

of technological process and obtaining the information
about structure and magnetic properties of the material.
The purest CuFeOy phase was obtained by mechanical
activation of preliminary milled precursors what may en-
hance the mutual diffusion of the component oxides. To
complete solid state reaction and obtain pure delafossite
CuFeO; heat treatment is necessary; however, tempera-
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ture of sintering may be lower as compared with conven-
tional technology. Improving the method of preparation
and elimination of un-reacted oxides and/or secondary
phases will be the subject of further research.
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