Effects of oxygenation processes on (Nd,Gd)-SroRuCusO, synthesis
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Abstract

In this work we report on the effect of oxygenation processes on the structure and composition of GdSeRuCuzO,
and NdSraRuCuz2O, compounds. By x-ray diffraction analysis it results that the tetragonal Gd-based compound
begins to form after prolonged time, while a progressive improvement of cubic Nd-based samples is observed as
impurity peaks disappear. Evolution of crystalline structure after oxygen annealing treatments has been studied

too.
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1. Introduction

RESr2RuCuz0, (RE-1212) rutheno cuprates have
attracted much attention due to the co-existence of fer-
romagnetism and superconductivity in these new class
of compounds [1,2]. After the report by Bauernfeind
et al. [3], many efforts are being made to synthesize
these compounds. We have already reported that ab-
sence of superconductivity in the NdSrs RuCu2 O, (Nd-
1212) compound is due to the intermixing of cations
of Cu/Ru site as well as Nd/Sr ions producing disor-
dered network of CuOz and RuOg planes [4]. This dis-
ordered network inhibits superconductivity and mag-
netic ordering. The establishment of the superconduct-
ing state has turned out to be strongly dependent on
the sample quality [1]. A better understanding of the
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relation between the phase formation and the oxygena-
tion process is necessary in order to improve the relia-
bility and repeatibility to synthesize these new class of
compounds. In this report, we investigate the effect of
oxygenation on the structural properties of (Nd,Gd)-
1212 to get more insight into the phase formation of
these compounds.

2. Results and discussion

Polycrystalline samples of Nd and Gd-1212 were pre-
pared by mixing the stoichiometric amounts of Gd2O3
or Nd203 and SrCO3,CuO2 and RuO>. We have pre-
pared two batches of Gd-1212 samples. The first batch
of Gd-1212 sample was calcinated in air for 10 hours at
960° C and a second batch of Gd-1212 was calcinated at
960°C for 17 hrs. After the calcinating the two batches
the samples were reground, milled and annealed in ar-
gon flow at 1020°C for 10 hours. Finally the samples
were oxygenated with a procedure made by several cy-
cles of heating at temperatures ranging from 1050°C
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Fig. 1. XRD patterns for Gd-1212 at different preparation
stages.

to 1080 °C (hereafter called “long annealed samples”).
The same thermal procedure carried out for the Gd-
1212 was repeated for the Nd-1212. The phases pro-
duced after each step were monitored by X-ray diffrac-
tion by means of Philips PW-1700 diffractometer using
Ni-filtered Cu Ka radiation. Fig.1 shows X-ray diffrac-
tion patterns of Gd-1212 samples at different prepa-
ration steps. It can be inferred that the formation of
Gd-1212 phase (main reflections at 20 = 32.9°, 47.2°
and 58.8°, marked by stars) occurs only after several
hours of thermal treatment in air at 960°C. In par-
ticular, even after 10 h the Gd-1212 phase is not yet
formed. At this stage, the main reflections can be at-
tributed to SrRuOs and to an unidentified phase con-
taining Gd and Cu (marked by crosses). Also, thermal
analysis has been carried out by TGA performing on
stoichiometric mixtures of precursor oxides. TGA spec-
trum shows a continuous weight loss occurs at 960°C
and the process does not appear complete even after
10 hours at this temperature [5]. The tetragonal Gd-
1212 phase begins to form only after prolonged time
at 960°C. Several annealing cycles in oxygen at differ-
ent temperatures are needed to obtain a pure Gd-1212
phase (top diffractogram in Fig. 1).

Fig.2 shows X-ray diffraction patterns of the grown
Nd-1212 sample (Fig. 2). The bottom pattern shows
the 10 h calcinated Nd-1212 sample. Secondary phases
can be detected and are partially overlapped to Nd-
1212 reflections. Extra peaks are observed around the
main reflection at 20 = 32.4°. The formation of Nd-
1212 phase follows a pathway different from that of
Gd-1212. In fact, as results also from TGA profile per-
formed on stoichiometric mixtures of precursor oxides
of Nd-based compound, the phase is formed after 3
hours at 960°C. At this stage, no significant amounts of
precursors are detected, and Nd-1212 is the most abun-
dant phase present although the composition of the ag-

long annealing in O,

10 h annealing in O,

\ .

Intensity (a.u.)

L 960° in air 10 h
WW//\X.,
1 1 1
20 30 40 50 60
28

Fig. 2. XRD patterns for Nd-1212 at different preparation
stages.

gregates is not homogeneous. Further oxygenation of
the Nd-1212 sample shows no change in the phase ex-
cept a suppression of the impurity phases (middle pat-
tern of Fig.2). Very long annealing cycles at 1050-1080
°C both in inert and oxidizing atmospheres are needed
for obtaining a homogeneous Nd-1212 cubic phase (top
pattern of Fig.2).

In conclusion, our study points out that the forma-
tion of tetragonal Gd-1212 phase and Nd1212 follows
two different pathways. In the case of Gd-1212 solid
state reaction from precursor oxides leads to intermedi-
ate compounds which transforms in the desired tetrag-
onal phase after prolonged oxygen thermal treatments.
On the contrary, Nd-1212 disordered cubic phase read-
ily forms together with spurious compounds and long
oxygen annealing results effective only in suppress-
ing them. The observed differences have a deep effect
on physical properties of the two materials. In fact,
Gd-1212 shows a coexistence of superconductivity and
magnetic ordering, while Nd-1212 is paramagnetic and
not superconducting.
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