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CRYSTAL STRUCTURE AND SUPERCONDUCTIVITY OF
YBaz(Cu]_xFex)30y PREPARED BY VARIOUS HEAT TREATMENTS

SHIGERU KATSUYAMA, Y. UEDA™ AND K. KOSUGE
Department of Chemistry, Faculty of Science, Kyoto
University, Kyoto 606, Japan

Abstract YBap(Cuj_,Fe,) Oy (0sxs0.20) was prepared by
three kinds of heat greatments. The crystal
structure and superconducting properties of the

samples were examined by X-ray powder diffraction, TG

and electrical resistivity measurements. The region
of orthorhombic phase and superconducting properties
strongly depend on the thermal treatments. The

results were discussed from the standpoint of Fe
distribution.

INTRODUCTION

The effect of substitution for Cu in YBa2Cu3Oy by such
foreign atoms as Fe, Co, Ni and Zn has been studied by many
workers, to dinvestigate the origin of 1its

1 As the results, such substitution

superconductivity.
reduces the superconducting transition temperature, Tc, and
the substitution by Fe and Co induces the structural phase
transition from the orthorhombic to tetragonal. This
impurity-induced tetragonal phase differs in nature from
the oxygen-disordered tetragonal phase which is realized in
undoped YBaZCu3Oy above 650°C in air. The former has high
oxygen content (y27) and the Tlatter is oxygen-deficient
(y<6.5) one. On the other hand, Ni and Zn do not induce
such a phase transition. These behaviors seem to be
closely related to the distribution of the substituents in
the crystal.

In this paper, we report the experimental results of

*Present address : Institute for Solid State Physics,

University of Tokyo, Tokyo 106, Japan.

99



Downloaded by [Tomsk State University of Control Systems and Radio] at 11:29 19 February 2013

100 S. KATSUYAMA, Y. UEDA AND K. KOSUGE

the effect of various heat treatments on the crystal
structure and superconducting properties of YBaZ(Cu1_
xFex)Boy' and also discuss the results from the standpoint

of Fe distribution.

EXPERIMENTAL

The starting compounds of YBaZ(Cu]_xFex)3Oy (0sx20.20) were
prepared by the solid state reaction of 4N-Y,05, BaCOj3, CuO
and a-Fe,05 at 900°C in air. And then the products were
divided into some parts and were offered to the three kinds
of heat treatments. The first group of the samples (we
denote [0];) was fabricated by an ordinary oxidation
process {slow cooling from o

aof cl3r ¥ Y T T -ﬁ—..

850°C to room temperature in

flowing 0, gas). The
second group ([QO]S) was
quenched into Tigq. No from
930° in air and then
annealed below 400 ° in
flowing O, gas for more than
20h., The third group
([NO],) was heated in
flowing N, gas at 800 °C for
20h followed by slowly
cooled to room temperature
and then annealed below 400
°C in flowing 0, gas. The

phase identification of

these samples was made by 380

the powder X-ray diffrac- 0 00 008 012 0% 020
tion. The TG (thermo- X in YBay(Cuy.xFey);0y
gravimetry) measurement was

done in air using the FIGURE 1. Lattice parame-

pellet-formed samples with 8 ters vs. x curves for
mm diameter and Tmm YBaz(Cu1_xFex)3Oy. (a)[O]s,
thickness. The super- (b)[Q0], and (c)[NO],.
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conducting properties of the samples were investigated by

electrical resistivity measurement,

RESULTS AND DISCUSSION

Figure 1(a), (b) and (c) shows the lattice parameters vs. x
in YBaZ(Cu]_XFex)3Oy for [0],, [Q0] and [NOT,
respectively. The orthorhombic-to-tetragonal phase
transition for [O]s takes place at about x=0.04 1in
agreement with the results of many other works. | [QO]S
has a somewhat extended orthorhombic region (0sx<0.06) and
[NO]4 does much wider orthorhombic region (0sx<0.15). We
failed to obtain single phase beyond x=0.18 in all heat
treatments.
It is reported that the
T(°C)
TG curves for pure YBaZCu3Oy 1000

showed a distinct change at I
about 650° in air, which goot Tetra

corresponds to the

transition temperature from 600}

the orthorhombic to oxygen-

deficient tetragonal struc- 400} Ortho i Tetra
ture.? The TG curves for I :

[0] with x=0.02, which had 200 ; *
orthorhombic structure at :

room temperature, showed a % 004 Qbs‘oh ‘636 0,20

distinct change at about 630

° both on heating and xin ¥BaCuyxFex)s0y
cooling at the rate of 10
°C/min. The tetragonal [0]g FIGURE 2. Phase diagram of
with higher iron content  YBap(Cuj_,Fe,)30, for [NO],.
than x=0.04 did not show The solid circles show the

such an anomaly. [NO] transition point from the
with the jron content from orthorhombic to oxigen-—
x=0.02 to 0.12, which had deficient tetragonal struc-
orthorhombic structure at ture determined by TG (see

room temperature, showed an text).
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anomaly at about 670 °C
. Te(K)
independent of x in air on 100

heating. The transition | i
temperatures determined by ’ i

TG measurement are shown in ggi

Fig. 2. However, after r I

heating above 900 ° the

anomaly was not observed on [ =~ = T
cooling and the cooled '00_; } e I(b')-
samples had the impurity- 3 i

induced tetragonal struc- | i

ture, except for the sample 50} ]

with x=0.02. This indicates | ]

that the orthorhombic region
of the samples strongly o

4 f——
4
1

depends on the process of 1OOH ) (c)l
the heat treatments. [ to { 1 ]
The x dependence of Tc, 3 l }

together with transition °°f )
width, ATc, determined by - ]
the resistivity measurement : ]
is shown in Fig. 3(a), (b) 0 "oo: o008 o1z 016 020
and (¢) for each [0],, [Q0]4 X in YBay(Cuy_xFey)30y

and [NO]S. In the figure,

the closed circles show the FIGURE 3. Concentration

midpoint of transition, and dependence of Tc for (a){0]
the top and bottom of the (b)[QO]s and [NO],.

bars correspond to the

s?

temperature with 907 and 107 values of the normal state
resistivity., Tc for [O]S and [QO]S decreases monotonously
with an ipcrease of x, On the other hand, TcOo"set for
[NOJ; is about 85K independent of x and ATc becomes Targer
with x. The order of Tc at a fixed iron concentration x
is Tc([NOlg) > Te([O]g) > Tc([QO]s).

From the above result and the result of our recent

study of >7Fe Mgssbauer spectroscopy,3 we have concluded
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that the clustering of Fe ions in the Cul-0 planes under

the lower oxygen fugacity atmosphere is prevalent for the

large extension of the orthorhombic region in [NO]S. while
the Fe ions are distributed at random in the Cul-0 planes
in [0]¢ and [QO]S. The size of the orthorhombic domain

in [NO], is much larger than in [0], and [QO]S. The
result of Mossbauer measurement also indicates that Fe ions
occupy both two Cu sites, and the concentration of Fe
substituted for the Cu2 site increases with a decrease of
oxygen atmosphere and an increase of temperature during the
heat treatment, i.e., [NO]; has the highest concentration
of Fe ions in the Cu2—02 planes among three kinds of
samples, and [Q0]; follows [NO],. These results suggest
that the magnetic pair-breaking effect for this compound is
much 1less important than for traditional superconductors,
and 1-D chain structure or orthorhombic domain size is much

important on the superconductivity of this compound.
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