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COMPORTAMIENTO DE LA
LINEA IRREVERSIBILIDAD
EN EL NUEVO
SUPERCONDUCTOR
Lu,,Gd,Ba.Cu,0,, RARA

X=15AND X =2

ABSTRACT
The irreversibility properties of High-Tc superconductors are of major impor-
tance for technological applications. For example, a high irreversibility mag-
netic field is a more desirable quality for a superconductor (Viera, et al., 2001).
The irreversibility line in the H-T plane is constituted by experimental points,
which divides the irreversible and reversible behavior of the magnetization.
The irreversibility lines for series of Lu1Gd2Ba5Cu8018 and Lu,
Gd, ;Ba,Cu,0,, polycrystalline samples with different doping were investi-
gated. The samples were synthesized using the usual solid estate reaction
method. Curves of magnetization ZFC (Zero Field Cooled) FC (Field Cooled)
for the system Lu,Gd,Ba,Cu,O,, and Lu, . Gd, ,Ba,Cu,0O,,, were measured in
magnetic fields of the 100 to 2,000 Oe, and allowed to obtain the values for the
irreversibility and critical temperatures. The data of irreversibility temperature
allowed demarcating the irreversibility line, T, H). Two main lines are used for
the interpretation of the irreversibility line: one of those which suppose that the
vortexes are activated thermally and the other proposes that associated to T,
(Irreversibility Temperature) a phase transition occurs. The irreversibility line is
described by a power law. The obtained results allow concluding that in the
system Lu,Gd,Ba,Cu,O,, and Lu, ,Gd, .Ba,Cu,0,, a characteristic bend of the
Almeida-Thouless (AT) tendency is dominant for low fields and a Gabay-
Toulouse (GT) behavior for high magnetic fields.
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RESUMEN

Las propiedades de irreversibilidad de los superconductores de alta Tc son de
gran importancia para las aplicaciones tecnolégicas. Por ejemplo, un campo
magnético de alta irreversibilidad es de una calidad mas deseable para un
superconductor (Viera, et al., 2001). La linea de irreversibilidad en el plano H-
T esta constituida por puntos experimentales, que divide el comportamiento
irreversible y reversible de la magnetizacién. Se investigaron las lineas de
irreversibilidad de la serie de muestras policristalinas Lu,Gd,Ba,Cu,0O,, y
v LT . Lu,,Gd, ;Ba,Cu,0,, con diferente dopaje. Las muestras se sintetizaron utili-
. m'.w zando el método de reaccién de estado sélido usual. Se midieron curvas de
magnetizacion ZFC (Zero campo enfriada) FC (campo enfriada) para el
' sistema de Lu,Gd,Ba,Cu,0,, y Lu, ;Gd, ;Ba,Cu,0,,, en los campos magnéticos
de la 100 a 2000 Oe, y se dejaron para obtener los valores para la irreversibili-
dad y las temperaturas criticas. Los datos de temperatura de irreversibilidad
permitidos para la demarcacion de la linea de irreversibilidad: T, (H). Dos
lineas principales se utilizan para la interpretacion de la linea de irreversibili-
»ff dad: uno de los que suponen que los vértices se activan térmicamente y el
otro propone que, asociado a T, (irreversibilidad de temperatura), se produz-
ca unatransicion de fase. La linea de irreversibilidad es descrita por unaley de
potencia. Los resultados obtenidos permiten concluir que en el sistema
Lu,Gd,Ba,Cu,0,, y Lu,Gd,Ba,Cu,0,, una curva caracteristica de la tendencia
Almeida-Thouless (AT) es dominante para los campos de bajos y un compor-

tamiento (GT) Gabay-Toulouse es para altos campos magnéticos.
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RESULTS AND DISCUSSION

In Figure 1the XRD patterns of the Lu,Gd,Ba,Cu,O,,and
Lu,.Gd,.Ba,Cu,0,, are represented, being taken at
room temperature. It is clear from Figure 1 that all sam-
ples are the single phase with tetragonal RE: 123 unit
cell, and other crystallographic phases due to impuri-
ties in the samples do not exist. The lattice parameters

a=3.8909A,b = 38291 A and ¢ = 31.2090 &, with
symmetry of space group P4/mmm. The supercon-
ducting behavior of the system Lu,Gd,Ba,Cu,0,, and
Lu,,Gd,.Ba,Cu,0,, was verified from measurements of
magnetization, which is determined with critical tem-
peratures ranging from 65 K Lu, ,Gd, .Ba.Cu,O,, and 78
K Lu,Gd,Ba,Cu,0,8. The Tc (Critical Temperature) for
these two samples was predicted by Skakle and West
(Davor-Pavuna, et al., 1992) and Anderson et al. (Yagi, et
al., 1991) reporting temperatures lower than those
obtained in this work. On the other hand, the critical
temperatures obtained for the system Lu,Gd,Ba,Cu,O,,
and Lu,,Gd,,Ba,Cu,0,, are in close agreement with
those predicted by other authors for Lu-Gd-Ba-Cu-O
type system (Barros, et al., 2004, Parra-Vargas, et al.,
2007, Parra-Vargas, et al., 2009).
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Figure 1. XRD patterns for Lu,Gd,Ba, Cu,O,, (a) and Lu,,Gd,.Ba,Cu,0,, (b)

The DC magnetization results for all samples of the
Lu,Gd,Ba,Cu,0,, and Lu,.Gd, . Ba,Cu,0,, system are
shown in Figure 2. The transition temperature Tc for
these systems has been defined as the onset of the
diamagnetic transition (Barros, et al., 2004; Parra-




Vargas, et al., 2007; Parra-Vargas, et al., 2009). The tran-
sition temperature and irreversibility were obtained
through from Zero Field cooled (ZFC) and Field cooled
(FC) magnetization dataas afunction oftemperature

0,010
el
g 0,005
@ Lu, ,Gd ,Ba,Cu0
.5 ° |LuGdBa,Cu0
=
i
‘@ 0.000
Eﬂ MMM
i) wi"“""
b=
-0,005 i

Temperature (K)

Figure 2. Magnetization results for all samples of the Lu,Gd,Ba,Cu,0,, and
Lu,,Gd, ,Ba,Cu,0,,

In Figure 3 and Figure 4 the curves Zero Field cooled
/FC and Field cooled FC is shown for Lu,Gd,Ba,Cu,O.,
and Lu,Gd, ,Ba,Cu,0,, samples. The theoretical struc-
tural parameters for Lu,Gd,Ba,Cu,0,, and
Lu,.Gd, ,Ba,Cu,0,, are in Table 1 and Table 2, as well as
that of T_for the field but lower they results are in Table
3. The continuous lines through the low field data T, in
Figure b are fitting of the Almeida-Thouless (AT) like
lines (Viera, etal.,2001; Barden & Stephen, 1965)

H = HX[1 — tAT]® with (a = g)

where 4" =T f1)/T47 (0), He" and T4 (0) are fitting param-
eters, which represent, respectively, the irreversibility
field at zerotemperature and the extrapolation of the
T4 () tozerofield.
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Figure 3. ZFC and FC magnetization by Lu, .Gd, ;Ba.Cu,O,,
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Figure 4. ZFC and FC magnetization by Lu,Gd,Ba,Cu,0,,

3.890 3.829 31.399
Ton x(A)

Lu(l) 0.49 0.49 0.00 0.5
Gd(1) 0.49 0.49 0.37 0.5
Ba(l) 0.49 0.49 0.12

Ba(2) 0.49 0.49 0.24

Ba(3) 0.50 0.51 0.61

Ba(4) 0.50 0.51 0.74

Ba(5) 049 049 087

Cu(1) 0.00 0.00 0.05

1
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1

1

1

1
Cu2 000 000  0.I8 1
Cu@3) 000 000 032 1
Cu@) 000 000 043 1
Cu5) 000 000 054 1
Cu6) 000 000  0.67 1
Cu7) 000 000 080 1
Cu®) 000 000 093 1
o) 050 000  0.05 1
0@2) 000 050  0.50 1
03) 000 000  0.12 1
0@4) 000 051 0.18 1
1

1

1

1

1

1

1

1

1

1

1

1

1

1

0() 000 000 025
0®6) 000 050 032
o(7) 000 050 032
Oo®) 000 000 093
009 050 000 043
0(10) 051 000  0.54
o(ll) 0.0 051 054
o(12) 000 000 0.6l
o(13) 000 051 067
o(l4) 000 051 074
o(15) 000 000 079
o(16)  0.00 050  0.86
o(l7) 050 000 093
o(18)  0.00 050 093

Table 1. Structural theoretical model use for the samples from Lu, .Gd, .Ba,Cu,0,, x=1.5
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Table 2. Structural theoretical model use for the samples from Lu,Gd,Ba,Cu,O ,x=2

b(A)
3.829
x(A)
0.49
0.49
0.50
0.49
0.49
0.50
0.50
0.49
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.50
0.00
0.00
0.00
0.00
0.00
0.00
0.00
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0.51
0.00
0.00
0.00
0.00
0.00
0.00
0.50
0.00
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Lui5Gdi sBasCusOiz x=1.5

Table 3. Irreversibility temperature T,, and critical temperature Tc determined in the presence
of magnetic field for the samples Lu, .Gd, ;Ba.Cu,O,, x=1.5 and Lu,Gd,Ba,Cu,0,, x=2

c(A)
31.399
y(A)
0.49
0.49
0.50
0.49
0.49
0.51
0.51
0.49
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.50
0.00
0.51
0.00
0.50
0.50
0.00
0.00
0.00
0.51
0.00
0.51
0.51
0.00
0.50
0.00
0.50

64.91
64.83
63.45
63.27
61.3
61.06
60.28
60.14
59.27
58.08

70.62
71.7
72.15
70.63
70.12
69.08
69.48
69.22
69.85
66.7
69.85
66.7

z(A)
0.00
0.37
0.48
0.12
0.24
0.61
0.74
0.87
0.05
0.18
0.32
0.43
0.54
0.67
0.80
0.93
0.05
0.50
0.12
0.18
0.25
0.32
0.32
0.93
0.43
0.54
0.54
0.61
0.67
0.74
0.79
0.86
0.93
0.93

SOF
0.33/0.66
0.66/0.33
0.66/0.33

1

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

100
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100
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700
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59.13
60.93
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55.24
57.09
53.65
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54.83
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68.17
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64.94
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57.72
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Figure 5. The magnetic irreversibility data Lu,Gd,Ba,Cu,01,and Lu, .Gd, .Ba.Cu,O,

In the presence of high magnetic fields it presents
the Gabay-Tolouse (GT) behaviortype (Fischer, 1989)

H=H §T[1—t )% with (a = 3)

where t =T £ (H)/TF1(0), H™ being the irreversibility
fieldat T=0 and T£I(0) isthe extrapolation of the GT-like
line to zero field (Peng, et a/., 1989; Gabay & Toulouse,
1981).

CONCLUSIONS

The production and characterization of the new super-
conducting materials Lu,Gd,Ba,Cu,0,, and
Lu,Gd,Ba,Cu,O,, is reported. The compound
Lu,.Gd, ,Ba,Cu,O,, becomes superconductor at a high
temperature of 64.9 Ky 70.6 Krespectively, with applied
fields until 2000 Oe. The structural ordering is in agree-
ment with similar ones reported by other authors
(Udomsamuthirun, etal., 2010; Topal et al., 2011) for the
Y.,Ba,Cu,0,, compound. Although the optimal
Lu,Gd,Ba,Cu,0,, and Lu, ,Gd, ,Ba,Cu,0,, synthesis con-
ditions are not yet known, it has been shown that the
production of a novel superconductor system
RE.Ba,Cu,O.,, with substitutions of the Y with RE atoms,
can be successfully made; it is worth to mention that
RE,can be made with RE,,RE,,combinations. The latest
result can initiate a broad research field in supercon-
ductivity of high (Critical Temperature) Tc, which could
add pivotal information for the understanding of the
mechanism which gives rise to the superconductivity
athighT..

The superconducting behavior of the system
Lu,Gd,Ba,Cu,0,, and Lu,,Gd, Ba,Cu,0,was verified
from measurements of magnetization, obtaining criti-
cal temperatures higher than those reports by Skakle



and West (Davor-Pavuna, et a/., 1992) and Anderson et
al. (Yagi, et al., 1991). The obtained results allow con-
cluding that in the system Lu,Gd,Ba,Cu,O,, and
Lu,,Gd, ,Ba,Cu,0,, a characteristic bend of the
Almeida-Thouless (AT) tendency is dominant for low
fields and a bend Gabay-Toulouse (GT) behavior for high
magnetic fields. This feature of the irreversibility line
has been reported as a characteristic of granular
superconductors and it corroborates the topological
effects of vortexes mentioned by several authors
(Larson & Von Dreele, 2000; Skakle, 1994; Anderson, et
al., 2003).

The REBCO family of superconductors has been
shown to feature relatively high T. A recently intro-
duced member of this family, RE358, has been argued
to exhibit T.=100 K. Characterization of this phase has
been the subject of some recent investigations. How-
ever, in the recently reported experiments, there are
some discrepancies in distinguishing the RE358 from
the RE123 phase. Our objective here has been to
resolve such discrepancies conclusively. In doing so,
we prepared samples in which both of the phases coex-
isted. We verified existence of both phases via X-ray
diffraction experiment supplemented with standard
theoretical X-ray diffraction. The observation that our
results are in good agreement with one of the reported
experiments, thus clearly identifying the characteris-
tics of RE358 superconductors. @
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