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Abstract
Magnetic properties of Y1Ba2Cu3O7- superconducting system with Fe added in different 

weight percentage have been studied versus the applied magnetic field for different temperatures 
above the critical temperature, Tc . As expected, the Y1Ba2Cu3O7- compound showed nonmagnetic 
behavior for all temperatures and all fields. The addition of iron caused friction in that system 
above Tc. A phase transition at about 260K was observed in the susceptibility in the 1% and 4% 
samples. This could be due to the formation of an anti-ferroelectric or ferroelectric states 
associated by the oxygen  deficiency in some off-center positions of the crystal structure. 
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Introduction
High temperature superconductors are classified as type II superconductors. Doping 

processes are used to enhance the critical current density, the critical temperature Tc, and 
other properties of superconducting materials [1-5]. Y-based superconductors are the 
most widely studied systems. High Tc superconductors are reported to have fewer 
electrons per unit volume in the normal state. The grain boundary thickness is greater 
than or equal to the coherence length so that the barrier  penetration is more difficult at 
weak links and the Cooper pairs can be broken [6]. 

In the superconducting state, the vortices do not move freely because they are 
pinned at some pinning centers and a very small Lorentz force is needed to remove a 
vortex from its pinning center [6]. If the Lorentz force is smaller than the pinning force 
then the current flows without any dissipation. But if the Lorentz force is large enough, 
then the vortices move  and electrical resistance appears as the transport current exceeds 
the critical current value, Ic , which can be used as a measure of the pinning force. 

It is very helpful to understand superconductivity if we can understand the normal 
state properties for a superconductor. In addition, preparation conditions like grinding, 
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compressing, and heat treatment have major effects on their properties. These can help in 
improving contacts and help in optimizing O2 content which has major effect on the 
critical temperature and critical current density.  

There are several reported articles concerning the properties of the superconducting 
material in the normal state [7-12]. The effect of iron addition on Y-based systems was 
previously studied for temperatures below Tc= 92K and an increase of vortex pinning 
that improves Jc were reported [4, 5, 13,14]. In this work we have prepared Y-based 
samples and Fe was added in different percentages. The magnetization measurements at 
various temperatures below Tc are reported in details before [13]. The magnetization 
measurements versus temperature and various applied fields for different iron content at 
various temperatures above Tc will be reported and discussed. 

Sample Preparation and Experimental Procedure 
The samples were prepared by the solid-state reaction method using Y2O3, BaCO3,

CuO, and Fe3O4 high purity powder oxides as starting materials. First, we prepared 
YBa2Cu3O7-  superconducting system (Y123) from Y2O3, BaCO3, CuO high purity 
oxides. We divided the material into four samples. Iron in the form of Fe3O4 was added 
to three samples of Y123 as a percentage ratio of the weight with 1%, 2%, and 4%. 
Detailed sample preparation was reported before [13]. 

A small amount of each sample was ground into powder for X-ray diffraction and a 
diffraction pattern was obtained. Scanning electron microscope (SEM) micrographs were 
taken for the samples containing iron (1%, 2%, and 4%) and  these results were reported 
before [13,14]. 

In this work we will focus on the effect of increasing the content of Fe atoms in the 
Y123 superconductors by studying the magnetic properties of these samples above Tc.
The magnetization measurements were carried out using a Vibrating Sample 
Magnetometer (VSM). The measurements were recorded at different temperatures from 
100K to 300K. The magnetic field applied was varied at a rate of 25 Oe/s from 0-8 kOe. 

Results and Discussion
Room temperature XRD spectra showed that the well defined peaks are almost the 

same as those of the orthorhombic structure of the superconductor Y123. The addition of 
iron caused a slight shift in the position of these peaks. Table 1 shows a comparison 
between the reported lattice parameters [15] and the calculated ones from the XRD data. 
SEM data showed presence of grains with their size increasing with increasing iron 
content which appears very clear for the 2% Fe sample [13,14]. 

The magnetic properties of the sample above Tc were analyzed and compared with 
the undoped sample Y123. The measurements of the magnetization, M, versus applied 
field H for the sample with 0% iron for various temperatures above Tc showed  a 
nonmagnetic behavior at all fields at all temperatures.  
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Table1:  The lattice parameters for samples with different iron percentages . 

Samples studied in this work Lattice
parameters

Reported 
parameters for 

0%
 [15]

0% 1% 2% 4% 

a( ) 3.82 3.8258 3.8263 3.8046 3.8343 

b( ) 3.88 3.8884 3.87735 3.8796 3.8749 

c( ) 11.67 11.6737 11.8044 11.6817 11.4056 

Figure (1)  shows M versus H for the sample 1% for various temperatures. It 
showed a diamagnetic behavior at all fields at all temperatures below 260K. It started to 
show some paramagnetic behavior at low fields for temperatures higher than 260K. We 
calculated the magnetic susceptibility (T) for the 1% sample at low fields (below 1500 
Oe) and these values are shown in Figure (2). It is clear that the sample always showed a 
diamagnetic behavior at temperatures below 260K and high fields. 

Figure 1: Magnetization versus applied field for 1% Fe sample at different temperatures. 
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Figure 2: The magnetic susceptibility, ,  versus the temperature for 1% Fe sample. 

Figure (3) shows M versus H for the 2% Fe sample at different temperatures. The 
behavior of M versus H is nearly linear diamagnetic behavior for all temperatures .The 
magnetic susceptibility, (T) at each temperature, for this sample was of the order (-
5x10-7emu/g Oe). Figure (4) shows M versus H for the sample 4% for various 
temperatures. It showed, for all temperatures, a dominating paramagnetic behavior at 
low fields up to about 1500 Oe . After reaching some maximum it showed a diamagnetic 
behavior for all fields at all temperatures. 

Figure 3: Magnetization versus the applied field at different temperatures for 2% Fe sample.
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Figure 4: Magnetization versus applied field for 4% Fe sample at different temperatures. 

Figure (5) shows   (T) at law fields (about 1500 Oe) versus T for the sample with 
4% which shows a phase change starting at temperatures near 250K. This appears clearly 
in Figure (6) which shows maximum magnetization, Mmax, calculated from the 
magnetization data, versus T. 

Figure 5: The magnetic susceptibility, , versus the temperature for 4% Fe sample. 

-0.002

0

0.002

0 2000 4000 6000 8000

300
280
260
240
220
200 
180
160
140
120
100

H(Oe)

M
(e

m
u/

g)

1

3

5

7

150 250

Fe 4

T(K)

(1
0-7

)e
m

u/
g.

O
e



Khasawinah, Al-Dairy and Hamam

48

Figure 6: Maximum magnetization, Mmax, versus the temperature for 4% Fe sample.

The magnetization, M, and the magnetic susceptibility, (T) behaviors versus the 
temperature, T, for the samples with 1% and 4% iron showed a phase transition near 
260K, which may be caused by the formation of an anti ferromagnetic states associated 
with the ordering of the atoms. For the 4% sample we observed a phase transition near 
200K but it was weaker than the one near 260K. 

For the samples with 2% and 4% iron content, the magnetization was very weak 
and of the same order of magnitude of the magnetization for the sample with 0% iron. 
This could be explained, using previously reported SEM micrographs for these samples 
which suggested that Fe prefers to agglomerate in zones without replacing atoms in the 
crystal of the superconducting phase ( namely copper atoms ) for high percentages of 
iron added. In fact, it was much smaller compared to the magnetization of the sample 
with 1% iron content which was two orders of magnitude higher than others. This 
appeared clearly when we calculated  for these samples. These results suggested that 
the percentage of iron added to samples should not exceed 1% as had been reported 
before [13]. 

Conclusions
The normal state of Y1Ba2Cu3O7- compound for temperatures above Tc is 

nonmagnetic. Of course as a superconductor, for temperatures below Tc, this compound 
is a diamagnetic material. The addition of iron acts to cause friction in that compound. 
This effect is noticed to be strong with higher iron content and high applied fields and 
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appears very clearly in the range 250K - 260K.  The formation of an anti-ferromagnetic 
transition at T ~ 250K-260K can be associated with ordering of the iron atoms or to the 
formation of an anti-ferroelectric or ferroelectric states associated by the oxygen  
deficiency in some off-center positions of the structure. 
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